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THIS ISSUE BINDER IS INTENDED TO PROVIDE A BASIC, 
COMPREHENSIVE REVIEW OF THE SCIENTIFIC LITERATURE 
REGARDING A SPECIFIC TOPIC ON ETS AND THE HEALTH OF 
NONSMOKERS. 

PRIMARY STUDIES AND REVIEWS HAVE BEEN HIGHLIGHTED 
TO IDENTIFY (1) USEFUL OR HELPFUL INFORMATION (YELLOW 
HIGHLIGHT) AND (2) ADVERSE RESULTS OR OPINIONS (BLUE 
HIGHLIGHT). 
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CONFOUNDERS 


Studies on parental smoking and childhood respiratory 
disease rarely address confounding variables. Confounding 
variables are factors that can create a "false" association between 
two elements by being associated with one or both of them. For 
example, factor X (socioeconomic status) may be associated with 
both factor Y (parental smoking) and factor Z (childhood respiratory 
disease). When factor X is not controlled for in epidemiological 
studies of the possible association between factor Y and factor Z, 
a false association may appear between factors Y and Z. Therefore, 
it is vital that epidemiologists control for confounding variables 
when conducting studies such as those on parental smoking. The 
possible confounding variables associated with parental smoking 
and childhood respiratory disease can be grouped into four major 
categories: (1) household heating and cooking sources; (2) outdoor 
air pollution; (3) organic substances; and (4) demographic, medical 
and socioeconomic factors. 
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Household heating and cooking sources 


Children living in households with gas stoves have been 
reported to have a greater history of respiratory illness before 
the age of two and small but significantly lower levels of FEVx and 
FVC corrected for height 1 (FEV1 and FVC are standard measurements 
of lung capacity and function). Similarly, exposure of children 
to gas cooking in the first two years of life has been associated 
with an increased risk of hospitalization for respiratory illness 2 . 
There are reported associations of gas stove use with daily peak 
flow in asthmatic, normal, and allergic subjects. 3 

Oxides of nitrogen (NOx) arising from the use of gas 
stoves for cooking were proposed to be related to a reported 
increase in cough, "colds going to the chest," and bronchitis in a 
study of 5,758 English and Scottish children aged six to eleven 
years 4 . A number of other confounders were controlled for in this 
study, including "age, social class, latitude, population density, 
family size, overcrowding, outdoor levels of smoke and sulphur 
dioxide and types of fuel used for heating." One group of 
researchers reported similar results for a five-year longitudinal 
study of 4827 boys and girls, ages five to ten years. This reported 
association was independent of age, sex, social class, number of 
cigarette smokers in the home, and latitude, and was only found in 
urban areas. 5 
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Use of unvented kerosene heaters, which release nitrogen 
dioxide (N0 2 ) into the indoor environment, was associated with 
significantly more days of acute respiratory illness in exposed 
children 6 . In this study, there was no difference in the number 
of cigarettes smoked daily in the homes of exposed versus unexposed 
children. N0 2 exposure was also reported to be associated with a 
risk of reporting lower respiratory symptoms in children under the 
age of seven 7 . 

One study reported increased proportions of chest 
illnesses and hospitalizations for chest illness before age two in 
young children living in homes heated by wood-burning stoves. 
Medical histories, sociodemographic factors, or exposure to other 
pollutant sources did not account for the reported association®. 

In another report, hot water heating systems were reported 
to have a large effect on lung function in children, when compared 
to the use of forced air heating and air conditioning systems 9 . 
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Outdoor air pollution 


Outdoor air pollutants have been identified as a 
confounder in several studies. In one study, acute respiratory 
disease incidence was reported to be positively associated with 
higher ambient sulfate levels 1 . 

A group of researchers examined the importance of indoor 
and outdoor environmental factors (parental smoking, gas cooking, 
suspended particulates and sulfur dioxide) in the respiratory 
health of seven- to ten-year-old Canadian children. The researchers 
were unable to identify any effects of parental smoking or gas 
cooking because the prevalence of these variables was highest in 
an industrial area of high particulate pollution 2 . 

One researcher has reported a strong association between 
respiratory illness and particulate pollution in children living 
in a study site which experiences relatively high levels of 
particulate pollution 3 . 


A study comparing Israeli children living in a polluted 
industrial town versus those living in an unpolluted area reported 
that chronic respiratory symptoms and most pulmonary diseases were 
significantly more common among those children from the polluted 
town 4 . 
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Organic substances 


The relevance of home dampness in the etiology of 
respiratory symptoms in children is supported by current research 
which links dampness with the presence of molds, dust mites, fungi 
and other allergenic microbes. 

In one study, odds ratios of 1.23 and 2.16 were reported 
for home dampness after adjustment for several factors, including 
maternal smoking, in a cohort study of 4,625 eight- to twelve-year- 
old children living in six United States cities 1 . The authors 
reported odds ratios for molds of 1.27 to 2.12 after adjustment 
for maternal smoking and several other factors. 

Another study reported higher rates of respiratory 
symptoms and symptoms of infection and stress among children living 
in damp houses. The presence of "fungal mould" was also reported 
to be related to higher rates of respiratory symptoms, independent 
of smoking in the household 2 . In another study, the growth of 
fungi and molds in the home was directly related to respiratory 
symptoms and sensitization to common allergens in children 3 . 

Researchers have reported that children living in damp 
and moldy dwellings had a greater prevalence of respiratory 
symptoms and headache and fever than those living in dry homes. 
The authors reported a dose-response relationship with increasing 
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numbers of symptoms reported in dwellings with higher severity of 
dampness and mold. All these differences persisted after 
controlling for possible confounding factors such as household 
income, cigarette smoking, unemployment, and overcrowding^. 

Atopic sensitization of children to house dust mites 
was reported to be related to home dampness 5 . 
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Demographic, medical and socioeconomic factors 


Low socioeconomic status has been associated with an 
increased incidence of respiratory complications 1 . Factors related 
to lower socioeconomic status include: inadequate medical care, 
poor nutrition, poor outdoor air quality, increased parental 
coughing, higher gas stove usage, frequent change of address, and 
lower per capita living space. In a study of 1,050 European 
children aged eight and nine years, lifetime and current prevalence 
of wheeze were both significantly higher in children from low 
socioeconomic status 2 . 

& 

Watkins, et al., (1986) reported high consultation rates 
for respiratory illness in children whose fathers were in manual 
occupations. This association was not explained by crowded home 
conditions or parental smoking 2 . Gardner, et al., (1984) reported 
significantly higher rates of lower respiratory disease in infants 
of low socioeconomic status 4 . 

Cross-infection also plays a role in the incidence of 
children's respiratory disease. For instance, in a 1988 paper, 

Koo, et al., reported that among Japanese and Hong Kong Chinese 
women, there was a highly significant correlation between the 
frequency of maternal respiratory illness and the frequency of 
respiratory illness in her children 5 . 
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Cross-infection may be relevant to the reports of 
associations between day care attendance and respiratory illness. 
Anderson, et al., (1988) reported that care outside the home (day 
care) is an important factor for acquiring lower respiratory tract 
illness and infectious diseases in children under two years of 
age 6 . Gardner, et al., (1984) also noted significantly higher rates 
of lower respiratory disease among day care infants^. Fleming, et 
al., (1987) reported an increased risk for upper respiratory tract 
infection associated with day care attendance^. 

Familial characteristics and genetics may also act as 
confounders. For instance, in a 1982 publication, Lebowitz, et 
al., report that an observed relationship between children’s 
pulmonary function and parental smoking disappeared when household 
aggregation of body mass was taken into account®. Another Lebowitz, 
et al., study (1984) also reported that there was "no remaining 
independent aggregation of pulmonary function measurements" after 
familial aggregation of body habitus was controlled for®. Genetic 
predisposition may play a role in respiratory illness and pulmonary 
function 10 ; although cross-infection is also involved 11 . 

"Lifestyle" may also act as a confounder. A study in 
Copenhagen (Holma and Winding, 1977) examined 109 social, medical, 
housing, and hygiene factors on morbidity. The best predictors 
for health were "thriving" (satisfaction), followed by "housing 
standard" and "personal hygiene." The authors reported no effect 
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of parental cigarette smoking on the respiratory health of young 
children 12 . A survey of 314 nonsmoking Hong Kong Chinese women 
and their children and 243 Japanese women and their children 
reported that chronic cough and sputum symptoms were at least 10 
times more prevalent in Hong Kong^. This observation was attributed 
to occupational exposure to dust or fumes and household crowding 
among the Hong Kong mothers. 
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PARENTAL SMOKING: CONFOUNDING VARIABLES 


Access to medical care 
Age of mother 
Air pollution 
Birth weight 
Breast feeding 
Cooking practices/type 
Day care attendance 
Diet 

Family history of illness 
Family size 
Gender of child 
Genetic determinants 
Heating type 
Home dampness 

Hospital spread of illness 
Household pets 
Newborn illnesses 
Nurture 
Overcrowding 
Parental education 
Parental infections 
Place of residence 
Seasonal variation 
Skin test reactivity (allergy) 
Socioeconomic status 
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Colley, J.R.T. "Respiratory Symptoms in Children and Parental 
Smoking and Phlegm Production" British Medical Journal 2: 201- 
204, 1974. 

SUMMARY: A study of respiratory symptoms in 2,426 school children 
aged 6-14 years was carried out in Aylesbury, Buckinghamshire, in 
1971. The prevalence of cough in the children was associated with 
the parents' smoking habits; prevalence was lowest where both 
parents were non-smokers, highest where both parents smoked, and 
lay between these two levels where only one parent smoked. A close 
association was found between parents' and childrens' respiratory 
symptoms that was independent of parents' smoking habits. There 
was no suggestion that exposure to the cigarette smoke generated 
when parents smoked had any more than a small effect upon the 
child's respiratory symptoms. While the sharing of genetic 
susceptibility between parents and children is a factor, therefore, 
cross infection, particularly in the families where parents smoke, 
is an important element in the association. 
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" DisCUto^OB ** 

Despite the increase in our knowledge and understanding of 
the pathogenic mctlum>ms present in patients with diffuse 
toxic genre—particularly since the discovery* of LATS (Adams* 
1958) and its characterization as an immunoglobulin (Adams 
and Kennedy, 1902; McKenzie, 1962; Kriss #r a/., 1964; 
Domn;ton it */., I960)—the cause of the abnormal thyroid 
function in this disease has remained uncertain. The simplest 
explanation, and the only one which accounts for the pheno¬ 
menon of neonatal thyrotoxicosis, is that there is a circulating 
humoral stimulator acting upon the gtaod (McKenzie, 1972). 
Tbyrotrophin has been excluded from this role by the fact that 
its level in blood is less than normal in diffuse toxic goitre 
(Adams ct cl-, 1969). To many workers LATS has been un¬ 
acceptable as a causative agent because it is undetectable in 
many cases and the level in any individual patient does not 
correlate with the degree of abnormal thyroid function (Volpe 
tt al*t 1972). LATS protector, however, meets two criteria 
net fulfilled by LATS; our evidence confirms the high inci¬ 
dence of LATS protector in diffuse toxic goitre and shows that 
its serum level correlates well with early thyroid ,# 'l uptake. 
Furthermore, LATS protector has been shown to stimulate the 
human thyroid, both in vitro (Shishiba tt ch % 1973) and in vivo 
(Adams it u/., 1974). VTe therefore ihink that in LATS-negative 
patients with diffuse toxic goitre LATS protector is the patho¬ 
genic agent. 

The question whether I-ATS pro;ca or is present in evepr 
case of diffuse toxic goitre remains open. It was not found in 
five of the 50 patients studied, but all these were relatively mild 
cases with normal or only slightly raised thyroid ,B, I uptake 
and large goitres. Failure to detect LATS protector in these 
inactive cases may have been due to assay insensitivity, but 
incorrect diagnosis of thyrotoxicosis or an alternative patho¬ 
genic mechanism for thyroid dysfunction are other possible 


* The pathogenesis of the ophthalmopathy of Graves** disease 
remains less well understood than the pathogenesis of thyro¬ 
toxicosis. We found no significant correlation betw een the class 
of ophthalmopathy and the LATS protector level. The highest 
incidence of infiltrative ophthalmopathy, however, was observed * 
in the group of patients with both LATS and LATS protector* 
and the lowest incidence was in those patients in whom neither 
immunoglobulin qould be detected. Our findings support the 
view that LATS protenor and ophthalmopathy may be asso¬ 
ciated in Graves*! disease but the relation t$ not a causal one. 


U*c thank Mr. V. S. Gagur for skilled technical help. 

Requests lor reprints should be addressed to Dr. K D. H. 
Stewart. 
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Respiratory Symptoms in Children and Parental Smoking 


and Phlegm Production 


J. R. T. COLLEY 


MrinA MWba/Jaunm/, 1974,2, 201-204 


A study of respiratory symptoms la 2,426 schoolchildren aged 
M4 years was carried out is Aylesbury, Buckinghamshire, in 
1571. The prevalence of cough is the children was associated/ 
with the parents* smoking habits; prevalence was lowest^ 
where both parents were non-smokers, highest where both 
parents smoked, and by between these two levels where only 
■bat parent smoked. A close association was found between 
parents* and children's respiratory symptoms that was Inde¬ 
pendent of parents* smoking habiu. There was no 
auggestion that exposure to the cigarette smoke generated 
when parents smoked bad any more than a smalt effect upon 
She child’s respiratory symptoms. While the abating of genetic 
susceptibility between parents and children is a factor, there¬ 
fore, cross infection, particularly in the families where parent! . 
amokc, is an important dement is the association. 


Department af Medical Staiiitln a ad Tpldf mlalary, L*t»doa School 
oMIygirne and Tropical Medicine, London WOK ?||T 
J. R. T. COLLEY, ICO., M.rXJS, Senior Lecturer m Epidemiology 


Introduction 

Nonnan-Taylor and Dickinson (1972) suggested that children 
with parents who smoke msy be at particular risk from res¬ 
piratory disease. These authors were not, however, explicit 
about the nature of the risk. They implied chat exposure of 
children to cigarette smoke at home might increase the risk 
of respiratory illness. This paper reports the findings of a 
study in which the nature of the association between parental 
smoking and respiratory disease in their children was inveao- 
gatcdL 


Methods 

The material was collected during a study of the prevalence of 
respiratory disease in schoolchildren and their parents ill 
Aylesbury, Buckinghamshire, In 1971. The population con¬ 
sisted of all children aged M4 yean attending seven schoob 
in Aylesbury—a total of 2,591 children (l .321 boys and 1,270 
girls). Data were collected on 2,426 children and their parents, 
a response rate of 93*4%. 

A self-administered questionnaire was completed by the 
parents, who answered questions about their own and their 
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V chnd>^t health. The relevant questions were: (a) for each 
chiki. Dor* he/she usually cough during the day or at night in 
She winter?; (6) for rich parent, (1) Do you usually bring 
up any phlegm from your chest first thine in the morning in 
winter?; (2 s) Do you smoke? If -No**; (2 b) Hare you ever 
amoked as much as one cigarette a day for as long as a year? 
hnatt who answered “Yes’* «o question (2 a) were classified 
•i smokers. They were »l<o asked how nunv cigarettes they 
smoked a day, how many ounces of tobacco they smoked each 
week, and how maty dpr*. large and small, they smoked 
each week. Those parents that answered “No” to question 
(2 a) and answered question (2 b) in the neptivt were classi¬ 
fied as non-smokers, while those that responded in the affirma¬ 
tive to question (2 b) were classified as ex-smoker*. The valid¬ 
ity of the question on couch in the children when used in a 
self-administered questionnaire has already been established 
(Colley and Reid, 1970), as has that of the question oo phlegm 
production (Krueger ft ok, 1970). 

The father was asked about his occupation and from thh 
hh social class was obtained. {Clasiificmicm o[ Occupation , 
1970). The number of siblings which the index child had was 
also recorded. 


Results 

The relation in the parents between smoking habits and pip* 
,*palence of phlegm was what one would have expected; pre¬ 
valence me with amount smoked. Parents were classified by 
smoking habit into five groups; group 1, bcch parents non- 
smokers; group 2, one parent a smoker, the other a non- 
smoker; group 3, both parents smokers; group 4, both parents 
ex-smokers or one an ex-smoker and the other a non-smoker 
or smoker; and group 5, one or both parents gave no data on 
smoking habits. Within these five groups the prevalence in the 
children of cough during the day or at nigh; in the winter was 
determined (table I). The cough prevalence ntes were lowest 
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in children with one or both parents ex-smokers. The gradient 
in prevalence over groups 1, 2, and 3 was statistically sig¬ 
nificant (\* for trend 6*65; 001 > P > 0405). The findings 
indicated an association between parental smoking habits and 
the prevalence of symptoms in their children. 

The analysis was taken a stage further by classifying parents 
by both smoking habits and by their response to the question. 
Do you usually bring up any phlegm from your chest first 
thing in the morning in winter? (table II). Within each group 
the prevalence of cough in children was lowest among 
children of parents who did not report symptoms. It was 
highest in those children where both parents reported symp¬ 
toms. Where only one parent reported the symptom the preva¬ 
lence rate lav between these two extremes. Overall, there was 
a threefold difference in prevalence of cough between children 
with neither parent having the symptoms and both having 
the symptom. 

Some of the prevalence rates in table II were based on 
small numbers, but the numbers in the category where 
neither parent had symptoms allowed a firmer conclusion. It 
was thus interesting to note that m this category the preva¬ 
lence of cough rose from 124*; in children of non-smoking 
patents to 14 3*f, where one parent smoked and to 147% 
where bo:h smoked. This trend while small and not statis¬ 
tically significant nevertheless raised *hc possibility that ex¬ 
posure to cigarette smoke at home when parents smoked 
might have had some effect on the child's respiratory tract. A 
more precise estimate of the effects of “passive smoking* by 
the child was obtained by estimating the maximum daily ex¬ 
posure of the child to their parents* cigarette smoke. This eras 
derived by the addition of both parents* daily cigarette con¬ 
sumption. Among the children of parents who did not have 
morning phlegm there was a small gradient for cough preva¬ 
lence according to the number of ogarntes (or tobacco equiva¬ 
lent) smoked by the parents (table III). This gradient in 
prevalence is not, however, statistically significant (x* trend 
1*36; 0 30 > P> 420). 
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Smnl points have to be considered in iwerpreting these 
findings. As in other studies (Holland ri «L* 1969; Colley and 
Rtu!, 197Q), social clan gradients for respiratory symptoms in 
children were found in this seriev Children with fathers m 
semi-skilled and unskilled occupations had higher prevalence 
sates for respiratory symptoms than those whose (when were 
Id skilled or non-manual occupations. A concentration of low 
social class families in the croups where both parents re* 
ported winter morning phletm could have produced a similar 
pattern to that shown in table II. That this could not have 
accounted for the observed patterns of cough prevalence m 
the children may be seen in table IV. where cough prevalence 
is given for children in social class III according to the 
parents* history of phlegm production after standardization 
foe smoking. Cough prevalence in the children increased, as 
before, with the presence of parental phlegm production. 
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Children from large families have higher prevalence rates 
for respiratory symptoms than those from small families 
(Colley, 1970), and a concentration of large families in the 
groups of parents with svmp:onu might also have resulted in 
the prevalence of morning couch being similar to that shown 
fet sable II. It can be seen from table V, however, that 
within families of similar size the same gradients for cough 
prevalence according to parents* phlegm production were 
present, indicating that differences in the number of siblings 
could not have explained the gradient in cough prevalence. 
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Younger school children tend to have higher prevalence 
fates for winter cough than older children (Colley and Reid, 
1970). If the age distributions of children m the various 
groups in table II had not been the same prevalence rates 
between these groups might also have differed, but there were 
wo differences in age structure between these groups of chil¬ 
dren. 

Conclusions drawn from the evidence in this study nerd 
So be viewed with caution because it was not possible to col¬ 
lect evidence which would have excluded some other inter* 
pretation of ahe results. It was possible, for example, that the 
parents* account of their own symptoms might have in* 
Sufficed the answers they gave for their children and that the 
apparent association between parents and children in their 
respiratory experience could have been due to parents with 
symptom* over-reporting symptoms in their children. The 
Children of parents who smoked may also have been more 
Jiktly to have smoked than children of non-smoking parents, 
and this could have resulted in an increased prevalence of 
enough an such children. If either of these possibilities had oc* 


v • Tfi3 

c ur red to any material extent h would have meant that, as 
given in table II the prevalence Of cough in children from 

group 1 was too high in relation 10 cough in children from 

group I and that the prevalence of cough in children from 

group 3 was still higher. If the prevalence of cough in chil¬ 

dren from group 2 were to be reduced in order to correct 
for this and that of children from group 3 were to be corrected 
even more then the gradient shown in table II would prob¬ 
ably become negative in that cough prevalence in children 
would have seemed to decline as more parents smoked. It 
therefore seems reasonable to conclude that the two possible 
qualifications to the data did not operate. 


Discussion 

Korman-Taylor and Dickinson (1972) in their study of chil¬ 
dren's respiratory infections and parental smoking habits re¬ 
ported higher prevalence rates for various indices of 
respiratory disease among children with parents who smoke. 
The present study, using a single index of respiratory diseased* 
confirms their findings. It can now be seen, however, that a 
direct association exists between respiratory symptoms In 
parents and in their children. Parental smoking has a mainly 
indirect effect on the child by increasing the prevalence of the 
parents* respiratory symptoms and thus the prevalence of m» 
pirnory symptoms in their children. The direct effect on the 
children’s respiratory symptoms of exposure to the smoke 
generated when their parents smoked cigarettes seemed to be 
relatively small. 

The reason for the association between respiratory symp¬ 
toms in parent and child is not dear. The sharing of genetic 
susceptibility between parents and children could have led to 
these similarities in respiratory disease, but this is unlikely to 
be the whole explanation, particularly in families where both 
parents smoke. There is, for example, no convincing evidence 
that adults who take up smoking have a greater generic sus¬ 
ceptibility to respiratory disease than non-smokers, and there¬ 
fore there is no reason to suppose that susceptibility to res¬ 
piratory disease would be different in the children of smokers 
and non-smokers. On the ocher hand, smoking parents differed 
from the nonsmokers in that they had higher prevalence rates 
for mpiratonr symptoms and the rates me with the amount 
smoked, indicating some direct effect of smoking in causing 
their symptoms. In these circumstances the association be¬ 
tween parents* and children’s symptoms are more likely to be 
due to ems infection than to the sharing of genetic suscepti¬ 
bility. 

If cross infection b indeed an Important cause of res pirat ory 
oymptoms in children of parents who smoke then thee could 
'well be some advantages for their children if the parents gave 
sap the habit. In adults giving up smoking can result in a 
reduction in coueh and expectoration and, therefore, in the 
chance of transmit tine respiratory infections. Smoking parents, 
many of whom will not yet have developed severe or 
Irreversible ft spirxiory damage, can reasonably expect an im¬ 
provement in symptoms if they give up the habit, and this 
would offer a promising way of seducing the risk of their 
children developing respiratory sy mptoms. 

The findings in this paper need confirmation. This could be 
done bv prevalence studies on a larger scale in other popula¬ 
tions where, for example such aspects as the possible over- 
reporting of symptoms could be adequately investigated. 
There H a need to investigate the likely benefit to the child 
from parents giving up smoking. Though passive inhalation 
of cigarette smoke bv the child has not been shown to have 
an important effect in this series, thn aspect should fievmbe* 
less be studied in infants and preschool children, who tend so 
be the most susceptible to respiratory infection*. 
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Summary 

Two patients with Intractable epilepsy who had been 
treated with various combinations of anticonvulsant 
drugs developed phenytoin encephalopathy. In both 
patients chorco-athetoid involuntary movements were 
prominent. Blood phenytoin concentrations were above 
BO uS''ml. When phenytoin was given in smaller doses and 
Its level in the blood fell the involuntary movements and 
other clinical manifestations disappeared. 


Introduction 

Nystagmus, ataxia, dizziness, and drowsiness are well-known 
features of phenytoin toxicity which usually occur when the 
blood level is greater than 20 ug'mi (Buchthal er a/., 1960). 
There have been few reports of ether toxic effects on the central 
nervous system though Glaser (1973) pointed out that a re¬ 
versible encephalopathy may occur in some patients treated 
with large doses of the drug. We describe two patients m whom 
chorco-athetoid involuntary movements were a prominent and 
presenting feature and in whom the involuntary movements 
and the encephalopathy were closely correlated with very high 
blood phenytoin concentrations. 


Case Reports 
CASt I 

A 31-year-old man who had attended hospital for many years for 
maingement of epilepsy wai sdmined for investigation of in¬ 
voluntary movements and intractable seizures. He had had a 
febrile convulsion when 2 years oU and had had recurrent petit 
ml and major generalized seizures since he was 7. An electro¬ 
encephalogram when he was aged 13 showed typical, generalized, 
three-pc r-second spike -and-wave complexes and diffuse bursts of 
theta and delta activity. U*hen attested for indust nal training 
when aged 21 he had an l.Q. of S4 on the WechOer Intelligence 
Scale. He was treated wiih various combinations of anticonvulsants. 
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Induding troxidone, ethosuximide, primidone, and phenytoin, but 
be continued to have two or three major seizures a month. When 
he wa» aged 29 Hodgkin's disrate was diagnosed by biopsy of 
an enlarged cen tal lymph node. No involvement of liver, spleen, 
or psra-oonic nodes was seen on laparotomy and he seas treated 
with radiotherapy to the neck. There had been no recurrence. 
Treatment with phenytoin 300 mg, phenobarbitone ISO mg, and 
ethtfeuximide 750 mg daily was continued. Two yean later the 
seizures became more frequent (two to four a wrek) anJ primidone 
750 mg, orbanuzcpinc 100 mr, and phenytoin 430 mg daily 
were gradually substituted for the previous treatment. During the 
next six weeks he complained of blurred vision and ataxia, leading 
to frtoueni falls. He continued to *ake the drugs. The seizures 
continued unchanged. 

On admission to hospital he was slightly drowsy but orientated. 
Several minor seizures were observed. H; had grade I nystagmus 
in »U directions and upward conjugate gaze was impaired. There 
wa, generalized chorea which was present at rest and was en¬ 
hanced by movement, particularly by walking. Slurred and hesitant 
speech seemed to be due to interposed choreic movements of the 
lips and tongue. In the outstretched upper limbs choreiform 
involuntary movements were accompanied by irregular postural 
lapses of the fingers, vrhich were thought to be rypia! of asterixis 
rather than chores. The gait was unsteady, but there were no 
cerebellar signs in the limbs. There was no weakness or sensory 
brroirment. the tendon reflexes were brisk, and both plantar re¬ 
sponses were flexor. Hyperplasia of the gums was noted. The 
increased frequency of seizures and the encephalopathy with in¬ 
voluntary movements were first ascribed to a degenerative or 
infective disorder associated with the Hodgkin’s disease. The 
haemoglobin, white cell count. LS E liver function tetri, blood 
urea and ckctrolviet, skull and thru r*nr examinations, and 
brain tan ware normal. The background activity in the EEG. 
was fragmented and slowed and there was an race** of diffuse, 
irregular delta activitv of moderate volrace. Generalized atypical 
apike-and-wwve activity was prominent. The blood phenytoin 
concentration was 37 pg/mL 

T>w possibility of pheimoin cncrphalopcthv was considered. 
The daily dose of phenyroin was reduced 10 200 me daily and 
that of primidone increased to I g Garhamazrpine SOO mg daily 
was continued. During the next six days the patient became more 
alert, the chorea, ataxia, and nystapnus disapfwarcd, and the 
blond phenytoin level fell to 16 vg/ml. The seizures at Brst 
increased in frequency but then abated. Three mvrkft bier he 
«vturned to work. Neurological findings at that time were normal 


can 2 

This 13-year-old bo* was referred for management of uncontrolled 
epilepsy, lie had had frequent minor and major seizures since the 
age of 2 whro hr had presented in status cpilepticuk He had 
been tretird with varying combinations of phenytoin, phrno- 
barbiioor, ethosuximide, and sultfmme and had been almost free 
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Colley, J.R.T., Holland, W.W., Corkhill, R.1V "Influence of Passive 
Smoking and Parental Phlegm on Pneumonia and Bronchitis in Early 
Childhood" The Lancet (November 2): 1031-1034, 1974. 

SUMMARY: The incidence of pneumonia and bronchitis has been studied 
in 2205 infants over the first five years of life. In the same 
period their parents' smoking habits and respiratory symptoms were 
recorded annually. The incidence of pneumonia and bronchitis in 
the first year of life was associated with parents' smoking habits; 
incidence was lowest where both parents were non-smokers, highest 
where both smoked, and lay between these two levels where only one 
parent smoked. Over the age of one year the association was not 
consistent. When parents' respiratory symptoms were also studied 
a close association was found with the incidence of pneumonia and 
bronchitis in the child; this was independent of parents' smoking 
habits and was an almost consistent finding throughout the first 
five years of life. In the first year of life exposure to cigarette 
smoke generated when parents smoked doubled the risk for the infant 
of an attack of pneumonia or bronchitis. 
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INFLUENCE OF PASSIVE SMOKING AND 
PARENTAL PHLEGM ON PNEUMONIA AND 
BRONCHITIS IN EARLY CHILDHOOD 

J. R. T. Colley 

Department of Medical Statistic} and Epidemiology, 

London School of Hygiaic end Tropted Medicine, 
London WC1E 7HT 

W. W. Holland R. T. Cowoull 

Department of Community Medicine, St. Thom as* s 
Hospital Medical School, London SEI 7EH 

c The incidence of pneumonia and 

Summary bronchitis has been studied in 2205 
infants over the first five years of life. In the same 
period their parents* smoking habits and respiratory 
symptoms were recorded annually. The incidence 
of pneumonia and bronchitis in the first year of life 
was associated with parents* smoking habits; incidence 
was lowest where both parents were non-smokers, 
highest where both smoked, and lay between these 
two levels where only one parent smoked. Over the 
age of one year the association was not consistent. 
When parents* respiratory symptoms were also studied 
a dose association was found with the incidence of 
pneumonia and bronchitis in the child; this was 
independent of parents* smoking habits and was an 
almost consistent finding throughout the first five 
years of life. In the first year of life exposure to 
cigarette smoke generated when parents smoked 
doubled the risk for the infant of an attack of pneu¬ 
monia or bronchitis.^- 

Introduction 

• Infants who inhale the tobacco smoke generated 
when their parents smoke at home may have a 
greater risk of chcs: illness than the infants of non¬ 
smoking parents. We have studied the influence of 
parental smoking and respiratory symptoms for effects 
on the incidence of pneumonia and bronchitis in their 
children during the first five years of life. 

Methods 

The data that form the bam of this paper are pan 
of those collected during a longitudinal study of newborn 
Infants and their families. The study was conducted in 
Harrow, a borough in m»rth~\vcsi London, between 1963 
and 1969 and involved all families living m six of the 
wards of the borough uho had an infant bom in the period 


July I, 1963, to June 30, 1965. A total of 2365 families 
had newborn infants during this period, and, of these, 
2205 (93%) were included in the study. The 6*8% 
excluded (Le., 160 families) had either moved away from 
the area before they could be visited or refused to 
-cooperate in the study (table 1 ). The analysis that follows 
has been based upon the infants boro to these families. 
After exclusions—for example, multiple births—2149 
feifanu were eligible for study. Over the five yean of 
follow-up losses inevitably occurred from the original 
population; these were amah and are unlikely to have 
seriously biased the findings in the later yean of follow-up. 

Health visitors, who received special training,'admin¬ 
istered a questionary to the parents, when, at pan of their 


TABLE I—StmVEY POPULATION OVEB THE FIVE TEAM OF FOLLOW-UP 


No. tf families 
with newborn 
infants bora July 
1,1963, to June 
30,1965 


No. of index infants at animal IoOow*«p 


Total 

Cooperated 
in survey 

Initial 

visit 

First 

Second 

Third 

Fourth 

Fifth 

2365 

2205 

2149 

2122 

2109 

2096 

2097 

2095 


routine duties, they visited the infant and mother at home 
within fourteen days of the delivery. At this visit • 
number of items were recorded, including birth-weight in 
pounds to the nearest pound below. 

The health visitor also administered a questionary which 
included questions on respiratory symptoms and smoking 
habits. In this paper positive responses to the question 
“ Do you usually bring up any phlegm from your chest 
first thing in the morning in the winter? ” has been used 
as evidence for parental respiratory disability. To elicit 
amoking habits the questions w-ere: “ Do you smoke? ” 
If answered “ yes ”, the parent was classified as a present 
smoker. If answered “no” the parent was asked “Have 
you ever smoked? ” If the answer was “ yes ”, then the 
parent was classified as an ex-smoker. If answered “ no ” 
the parent was asked “ Have you ever smoked as much 
as one cigarette a .day for as long as a year? ” An answer 
“no” classified parents as non-smokers. The present 
smokers were also asked " How many cigarettes are you 
amoking now? ” The validity of the answers to these 
questions has already been established. 1 

The families were followed up annually for the next 
five years by postal questkmaries. Each year parents wctc 
asked the following questions. For the infant, “Has 
he/she bad in the past twelve months bronchitis? 
Pneumonia? ” For the parents, “Did you usually bring 
up any phlegm from your chest first thing m the morning 
List winter? ” Smoking habits were assessed using the 
question **Do you smoke? H If ” yes ” How many are 
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you smoking row?** The validity of an men to the 
question on infant bronchitis and pneumonia was assessed 
by checking, in a sample, the parents* account of such 
an illness with the family doctor's ease-nous. The level 
of agreement was adequate and corresponded to that 
obtained in other studies where mothers were asked about 
their children’s past health. The validity of the question on 
phlegm production in the parents hat also been established.* 

In the tablet that follow, parents have been classified 
according to their smoking habits. Parents who at the 
initial visit had never smoked, and at the first and sub¬ 
sequent follow-ups had not taken up the habit, were 
classified at each follow-up as non-smokers. In the same 
wsy parents who at the initial visit were present smokers, 
and at the first and subsequent follow-ups did not give 
up the habit, were classified on each occasion as present 
smokers. There remained a further group of parents 
who had changed their habits. These included parents 
who at the initial visit were ex-smokers. They had been 
permanently allocated, irrespective of whether or not they 
took up smoking again, to the M ex-smokers or changed 
habits’* group. In addition there is a further group of 
parents who were either non-smokers or smokers at the 
mitial visit but who changed their'habits during their 
follow-up. When this occurred they were reclassified 
permanently as members of the ** ex-smokers or changed 
habits H group. In this way, for example, parents who were 
smokers at the mitial and first and second follow-up visits 
would be classified at such at these follow-ups. If on 
the third follow-up they gave up smoking they would be 
moved to the **ex-smoker or changed habits’* group for 
that and subsequent follow-up years. This method of 
classification ensures that at each follow-up year the group 
of "non-smoking” and "present smoking" parents con¬ 
tains parents with consistent smoking habits. The diminish¬ 
ing numbers at each follow-up in these two groups is a 
result of parents changing their habits and is balanced 
by the increasing numbers in the " ex-smokers and changed 
habits " group. The totals in these tables do not correspond 
to those in table l. ‘This is accounted for by the exclusion 
of single-parent families and by absent data. 

Results 

The annual incidence per 100 children of pneumonia 
and bronchitis is given in tabic II by parents* smoking 
habit. Parents have been classified into one of four 
groups: (1) both parents non-smokers; (2) one parent 
smoker, the other non-smoker; (3) both parents 
smokers; (4) both parents ex-smokra, or one an ex¬ 
smoker, or parents who changed their smoking habits 
during the study. The Incidence of pneumonia and 
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/bronchitis in the infant shows a gradient by parent? 
amoUng habit in the first year of life. Incidence is 
lowest in infants with both parents non-emokers, 
highest wheri both parents smoke, and fies between 
these values where one parent smokes./ Thia Is 
^statistically significant gradient (K0-0005). In 
subsequent years there is no such dear gradient. 

In table in parents have been classified both by 
their smoking habits and by their response to the 
question u Did you usually bring up any phlegm from 
your chest first thing in the morning in the last 
winter?” In all categories except one, the incidence 
within a smoking category is higher among children 
where one or both parents have winter morning phlegm 
than in children whose parents are both free of this 
symptom. Some of the incidence-rates in the children 
—in particular those whose parents are both non- 
smokers and who have winter morning phlegm—are 
based upon small numbers and therefore may not be 
wholly reliable. On the other hand, the inddence- 
rates in children where neither parent has symptoms, 
whether they smoke or not, are based upon sub¬ 
stantial numbers. In them in the first year of fife 
a consistent gradient Is ami In the incidence of 
pneumonia and bronchitis bribe children in relation 
go the parents* smoking habits.' The rates are lowest 
in children of non-smoking parents and highest where 


TAXI* ni—TKXXmONIA AND SKOXCHmS IN THE FXXST FIVX TEAM Of Lift XT PAWNT*’ SMOKING IUI»rt AW MOKYTWG MILtCM 


Anneal Incidence per 100 children (absolute number* In parentheses) of pneumonia and bronchitis 
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A *mui incidence per 100 children (absolute nomben 
in parmihne*) af pneumonia and brrockiut 
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both parents smoke. In children over the age of a 
year there is, however, no consistent gradient. 

Exposure of the child to cigarette smoke may be 
more precisely estimated from the total daily cigarette 
consumption of both parents. In uble iv the incidence 
of pneumonia and bronchitis is given for parent pain 
smoking between them 1*14, 15*24, and 25 or more 
cigarettes per day, by the presence of winter morning 
phlegm. A dear gradient of increasing incidence is 
seen in the first year of life that is independent of 
the presence of winter morning phlegm and is of the 
tame size as that in uble in. In the second year and 
thereafter the pattern is not consistent and thus docs 
not suggest an effect of exposure to tobacco smoke 
at ages over one year. 

The gradients of incidence, particularly those 
attributable to passive smoking in the first year of 
life, could result from other factors which arc known 
to influence respiratory disease In infancy—for 
example, social class and family size. These factors 
might account for the gradients if children of low 
soda] class or of large family size were concentrated 
in families where the parents smoked or had chest 
symptoms. Thai these factors did not explain the 
observed gradient can be seen in tables v and vx. In 
able v # the findings for social class m alone are 


examined. The patterns for pneumonia and bron¬ 
chitis for all children in the first year of life persist. 
Similarly, in uble vi, where the data are subdivided 
by the number of siblings in the family, the patterns 
for pneumonia and bronchitis persist within families 
of the same size. This makes it unlikely that cither 
nodal class or family size can be responsible for these ? 
p a tter ns of re s p ir atory-disease incidence. 

The infants of mothers who smoke in pregnancy art, 
on average, lighter than those of mothers who do not 
smoke. 1 As infants of low birth-weight are more likely 
to suffer respiratory illness than normal-weight in¬ 
fants, it is possible that the gradients in respiratory 
disease observed in the first year of life, and in par¬ 
ticular the effects of passive smoking, may be due, 
indirectly, to maternal smoking during pregnancy. 
In this study, birth-weight, as expected, shows a 

TABU V—nttOMOMU AXD BftOXOtmS Ut TUX TOOT TSAB *T 
PARENT*' SMOKING HABIT AND WINTER MOANING PHLEGM BOG 
SOCIAL CLASS m 


Anneal incidence per 100 children (absolute number* in 
parentheses) of pneumonia tod bronchitis 
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gradient by parents’ initial smoking habit, and to a 
lesser extent by winter morning phlegm. Thus 
parents who smoke have lighter infants than parents 
who do not smoke. The gradients in the incidence 
of pneumonia and bronchitis with parental smoking, 
and with winter morning phelgm, might therefore be 
partly attributable to differences in birth-weight. 
However, within different birth-wdght categories 
the gradients for pneumonia and bronchitis with 
parents’ smoking habits persist. Thus differences in 
birth-weight cannot account fox the higher risk of 
pneumonia and bronchitis in the first year of life in 
children exposed to the dgaretie smoke generated 
when their parents smoke at home. 

Discussion 

An association between the respiratory symptoms 


TABU V»—BNZDMOMU AND BKONOtnU IN THE HUT YXAft BY NUMBER Of SIBLINGS AND BY PARENTS* SMOKING HABIT AND WtMTtR 

MORNING PKUGM 


Annual incidence per 100 children (ihdwu number* in parentheses) af pneumonia and breochiii* 
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in parents rod in their school-age children was re¬ 
ported by Colley.* The present study demonstrates 
that this association is also found in younger children 
as early as the first year of life. The nature of this 
association, as Colley noted, is not dear. He con¬ 
cluded that it was unlikely to be an artefact due, for 
example, to parents with symptoms over-reporting 
symptoms in their children. In the present study a 
sample of parents had their account of respiratory 
ilinesses in their children checked against the doc¬ 
tors’ records. The dose agreement between these 
two accounts makes k unlikely that over-reporting 
in families where parents have symptoms has occurred 
to any important extent. 

The association could be a result of shared genetic 
susceptibility to respiratory disease between parents 
and children, to living in the same home environment, 
and to cross-infection within the family. Twin studies 
in adults have not been notably successful in assessing 
the genetic contribution to adult chronic respiratory 
disease, and no studies have yet been reported where 
this aspect was investigated in parents and their 
children. The contribution made by the other factors 
to this assodation can, at present, only be guessed at. 

** Passive smoking by the infant, after differences hr 
^fcinh-wtight and parental respiratory symptoms have 
petn allowed for, increases die risk so the infant ot 
^pneumonia and bronchitis in the first year of^Hfev 
WJien both parents smoke, this risk is almost double 
that of infants with non-smoking parents. The find¬ 
ings confirm and extend those of Harlap and Davies.* 
These workers did not, however, have information on 
fathers’ smoking habits, nor did they take account of 
parents’ respiratory symptoms. 


A picture has thus emerged of a serious risk ^jor 
infants in die firo?ye»rtjr)ife from exposure so their 
parents* cigarette snibw. In contrast, between one 
and five years of age, there does not appear to be 
any important effect of passive smoking in increasing 
the risk of pneumonia and bronchitis. Galley, 4 in 
6-14-year-olds also found no assodation between 
passive smoking and the prevalence of chronic cough. 

The estimates of children’s exposure to dgarette 
smoke in this study are crude, being based either on 
whether parents were smokers or not, or on their 
total daily dgarette consumption. The smoke exposure 
of the children may have been overestimated, since 
parents—in particular the father—will smoke outside 
the home, or at times when the infant is not present. 
The effects on the child may thus have resulted from 
exposure to levels of dgarette smoke less than those 
auggested by our study. 

The evidence from this study, taken with that of 
Harlap and Davies,* p rov i d es c onv in c ing reasons for 
granting parents who smoke of theiisks \ 
foe their children both from the dmetjdfc 
1 smoke rod 

respiratory symptoms. t o* pp ro m oc lf J 

Swl result in death despite prompt and q mms i 
• neatmew.?, In those (hit survive such Blnamami" 

so the mpiratofyatraa oaljbsdtoted by an increased 
prevalence of ch^*sy mpifems and dcfktojn venti¬ 
latory function found in/hter childhood* 4 The 


longer-term consequences of such childhood illnesses 
have been underlined by the findings in a cohort of 
infants followed to the age of 20* At this age the 
prevalence of chronic cough, after allowing for current 
smoking habits, soda) dass of father, and air-pollution 
exposure, was higher in those with a documented 
history of a chest illness under the age of 2 years than 
in those without this history. If, by the age of 20, 
such long-term effects are found, these could persist 
into middle and late adult life and contribute to the 
evolution of chronic respiratory disease. 

Opportunities for die prevention of[ serious respira- 


Ay disease 



lose, or at least cxpenencd'ian improve* 

might well 

^ Sc i ic i in t heir 
^aaJw^diMdie abi^ofcigarette 
“ - could her expected to, diminish 

during the first year of hfe/ 



This study m conducted jointly with the Health, Welfare, 
and Children's Department of the London Borough of Harrow, 
and we would particularly like to thank the Superintendent 
Health Visitors and their staff, the Senior Administrative 
Assistant in the Personnel Health Section and his staff, and 
others who took pan for their help end cooperation in this 
study. Our thanks go to the field workers from the Department 
of Community Medicine for the maintenance of the records 
and for their diligence in carrying out the fieldwork during 
the five years of follow-up. We are also grateful ao the 
statistical assistants of the department for carrying out the 
analysis of the data. 

This study hat been supported, In port, by a gram from 
the Department of Health and Social Security for which wt 
are very grateful. 


BSmtHCBS 

l Hotttnd, V. V, Kasap, R $. CoDcy, J. X. T* Cormack, V. 
Mr, y. prep. me. Mid 1909, 2, 77. 

2. Krotgcr, D. H, Rogot, E~, Blackweldcr, W. G* Rod, D. D. J. 
tkrm. Du. 1970, 23, 411. 

1 Butler, N. JL, AJbcrnuuv E. D. (eta). Parioaral Brabl—a. 
Edinburgh. 1969. 

4. CdJty.Ll^T. Mr, mid, J. 1974, 8,201. 

9. Harlap, g* Davies, A. M. lawn, 1974, 1, 539. 

4. Holland, W. Halil, T„ Bcaactt, A. E* Etteu, A. Mr. wmL J. 
1969, ii, 305. 

7. Colley, J. R. T„ Reid, D. D. Aid 1970, H, 313. 

R Bland,). M., Holland, W. W« Elliott, A- JUvm ffo n w par t. 

(in Use press). 

9. Colley, J. JL T„ Douglas, ). W. B* Reid, D. D. Mr, Mud. J. 1973, 
hi, 195. 

Ml Todd, G. F. Statistics af Smddna hi she UJC. Undo*, 1972. 


** The atomic physicists were as clever, as modest, at 
•elf-seeking, as mean, as argumentative and just as con¬ 
cerned for humanity as the microbe hunters. The physicists 
worked to produce a weapon of war, but there is no ml 
evidence that the nationalistic arguments which convinced 
them that their efforts were tight and just were any different 
from those that so affected Koch and Pasteur half a century 
earlier; and the intellectual challenge was just as great, and 
grappling with it just as enjoyable. ... The physicists* 
work was widely seen as being culpable because it was 
applied to the taking of life; the first two atomic bombs did 
so on a vast and horrifying scale. But it was Pasteur, and 
not some atomic physicist, who in 1870 said of the Germans, 
* I want to see the war prolonged into the depths of winter, 
to that all those vandals confronting us shall perish of cold 
and hunger and disease V*— Robert Reid, Microbes and 
Men*, p. 168. London: B.B.C. Publications. 1974. £2^0. 
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ABSTRACT. The effect of 109 social, medical, housing, and hygienic 
factors on morbidity of 2,096 individuals was studied in 881 
apartments in Copenhagen. "Thriving" (satisfaction), followed by 
"housing standard" and "personal hygiene," turned out to be the 
most prominent predictor for health. "Thriving of parents" was 
also important for the health of children. Excluding "thriving" 
in the analyses, "housing standard" and "personal hygiene" or 
components of these group factors were the important predictors 
for the health of the population studied, except for children below 
3 years of age. For the health of these, the number of rooms used 
for sleeping purposes was the best predictor. The only other 
parameter found to influence the morbidities investigated was the 
total yearly income of the family, which was found to be a secondary 
predictor for adult morbidity during the last month of the 
investigation (March 1973). The analyses applied were Pearson 
correlation, AID-program, factor and multiple regression analyses. 
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Housing, Hygiene, and Health l 


A Study in Old Residential Artis in Copenhagen 

tOliplMf.MJ). 

OLEIWOINC, MAam. 

Institute of Hypenc 

Ubtoniiy of Copenhagen 

ABDUCT 

T1»e efTact of 109 social, medical, kouting and hypenie facton on morbidity of 2,096 individual*«« studied in Ml apartment* in 
Copenhagen ‘Thriving’" (satis faction), foOowad by •‘b outing standard** and ~ptmonal hygiene ,** hi mad oattobe the moat prominent 
pradktoe for health. Thriving of partatt** war alio important for the health of children. Exdudini “thriving" m the analyses. “hour 
lag standard” and “penonal hygiene** or components of thane group factors were the important predictors for the health of the popula¬ 
tion studied, except for children Mow 3 yean of age- For the health of thaa^ the number of rooms used for deeping purpoees was the 
beet predictor The onf> other parameter found to influence the morbidities investigated was the total yearly income of die family. 
which was found to be a meondary predictor for adult morbidity during the last month of the investigataoa (March 1973). The analyaet 
^pliad wtie Fearaon correlation, AJD^ropim, factor and multiple wyr mi oa analyses. 


STUDIES HAVE revealed that factor* such as over¬ 
crowding, lack of basic sanitation (e.g., coJd or hot water 
supply), garbage accumulation, and poor construction 
with leaky roofs or cracked wails exert substantial influ¬ 
ence on health. However, extreme conditions are seldom 
found in developed countries, and the relative importance 
of various factors in housing conditions is difficult to 
analyze. Thus, contradictory or negative results have been 
obtained in the developed countries with respect to the 
relative importance of overcrowding, socioeconomic con¬ 
ditions, occupation, education, housing conditions, rehous¬ 
ing, etc., as they may affect morbidity. 1 

During childhood, the area of residence, parents* aocial 
level, family size, history' of respiratory diseases, and 
impairment of ventilatory function of the lung? influence 
health in adult life.* -4 A survey convering the field of 
housing and health was made by A.E. Martin 1 in the 
United Kingdom, and by V. Christensen* in Scandinavia. 

Method 

Six residential areas of Copenhagen were studied. 

Within each area we sampled a duster of successive house 
numbers and stories. We included an equal number of men 
and women. The districts under study represented older 
houses in the central pan of Copenhagen. 

District One (Oesterbro) is characterized by wide streets 
with trees and small parks. Buildings are mainly large, 
fashionable-looking, older apartment houses containing 
large well-lighted flats with up to ten rooms or more, some 
with a dear able view. In this area, 183 families were 
questioned (89 males and 94 females). 

District Two similarly consists of large, well-kept apart- 
went houses with an exclusive location by ooe of the 
nrtifiriil lakes of Copenhagen (Sortedamssoeen). The Bata 
Mit large and sunny, but about 100 a from the lake the 


. « 


area borders on one of the most dosely built-up and 
densely populated areas in Copehagen (District Five), 
resulting in an inevitable interaction between the extremes 
of the soda! dasses, especially as far as children are con¬ 
cerned. In this area, 91 families were questioned (33 males 
and 58 females). 

District Three, nicknamed “Potatorows." is on the 
opposite side of the same lake. The buildinp are low, well- 
separated, single-family houses about 100 yean of age 
Each house contains up to three small flats. The onpna} 
quality of the houses was poor (small and damp, without 
ahower, bath tub, or hot water installations). In front of 
the houses are small, well-kept gardens, and the friendly sur¬ 
roundings have attracted new social groups to the area 
Simultaneously,extensive interior modernization has taken 
place, especially concerning hygienic facilities. In this area, 
199 families were questioned (71 males and 128 females). 

District Four is situated in a dosed area between a main 
road (Oesterbrogade) and a big park. The houses were 
built in the midnineteenth century, after a cholera epide¬ 
mic, as dwellings for workers. They are four kmg. two- 
story buildings divided into two-storied flats with separate 
house numbers. The flats are very small, usually not more 
than 25 m* t and without hygienic or sanitary installations m 
The area includes an assembly buOding and common 
houses for bathing and washing For each group of ten 
flats there is a chemical lavatory in a small addition to 
the houses. In front of each flat is a small prden, 

10-20 m*. In spite of the smallness of the flats and their 
very limited facilities, the inhabitants find ao many com¬ 
pensating qualities in the surroundings that they express 
general contentment . In this area,43 families were 
/ questioned (22 males and 21 females). 

District Five (Ryespde) is Mruated alongside District 
Two, less than 100 m away, ft is one of the mosxpopu- 

Aft CHIVES OF EXVmONMEWTAL HEALTH 
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lous streets in Copenhagen, end hid a population of 
70,000 people before partial demolition began in the area 
The buildings are five- and six-story apartment houses with 
up to three back buildings An ordinary complex will 
consist of a front building and two back buildings. The 
flats are small and insufficiently furnished with hygienic 
facilities. Heating is mainly separate for each room and 
is dependent on oil stoves or the like. Daylight in the flats 
is scanty, and recreation facilities for children and grown* 
ups are nonexistent in the district. In this area, 214 families 
have been questioned (101 males and 113 females). 

District Six is situated in the inner city (Noerrebro) and 
has the jiickname “the black square.** The buildings in the 
area mutt be described as slums and are partly condemned, 
Quality of flats is comparable with that in District Five, but 
the area is generally considered the worst of the districts 
studied. Typical flats in districts Five and Six have two 
rooms and awkward entrance facilities. Narcotics are said 
to be a problem in this district. In this area, 135 families 
were questioned (63 males and 72 females). 

The respondent was asked to fill out a questionnaire of 
109 questions with alternate and/or grouped answers. 
Instruction was given by the interviewer* (medical stu¬ 
dents), who returned 1 Vi hours later to collect the forms 
after having given supplementary instructions, as necessary. 
Up to five repeated attempts were made to contact persons 
who were not available or did not answer. The interviewers 
- received their instructions partly as a group at an evening 
course and partly individual)) before visiting the districts 

Univariate tables were made for all variables. From a 
Pearson correlation matrix a screening selected all signifi¬ 
cant correlations Corresponding bivariate tables were made 
in order to study the correlations more closely. 

Morbidity, the dependent variable, was defined as the 
number of episodes of illness, regardless of the duration 
All other answers were considered independent variables 
We used an Automatic Interaction Detector (AID) program 
to split the material into groups of respondents character¬ 
ized by discrete values of one or more (uncorrelated) pre¬ 
dictors The principle for the split is a successive search 
for the predictor that gives the maximum difference 
between sums of squares for the dependent variable in the 
two groups, in this paper, the AID results are illustrated 
as figures fonning “three-structures** of “original" and 
“split" groups. 

Results 

Frequency Tables 

From 930 initial questionnaires the number of cases 
obtained was 881, covering 2,096 individuaJs-a response 
rate of 94.7%. The sample amounted to ] 2% of the total 
population in the areas examined; i.e., in District One, 
10.5%, in District Two, 19.0%; in District Three, 10.5%, 
in District Four, 5.5%; in District Five, 12.0%; and in 
District Six, 17D% of the population based on the statisti¬ 
cal yearbook for Copenhagen 1973. 7 

A two-way display of age and aex in the population 
investigated is shown in Figure 1. Other characteristics of 
the different areas are given in Tables 1 and 2. From 
Table 1 it can be seen that the smallest dwellings ( <25 ni*) 
Mn most frequent (64.8%) in District Four and the largest 
onti ( > 200 m*) are to be found in District One and Two. 
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Fig. 1. Respondents' distribution by pgr and mx. 

A low standard of housing is found in Districts Four, 
Five, and Six. ehirscierized by, among other things, drafts 
and cold and a lack of hot water or bath tub, especially 
in District Four, where bathing facilities do not exist. 

Also in District Four, water closets outside the dweliinp 
are found in up to 90.5% of the cases. However, in this 
district most people are content with their area of resi¬ 
dence and present excellent personal hygiene as com¬ 
pared with the other districts (Table 1). 

The highest average figure for overcrowding, measured 
as individuals per room (kitchen included), was 0.68m 
District Five (Table 2). The best housing standards arc 
found in Districts One and Two, while Four, Five, and 
Six are inferior in this respect. 

A summarized description of morbidity in the different 
areas is found in Table 3. On the whole, morbidity was 
low in District Two and high in District Five for all age 
groups, the 3- to 6-year-o!d children being an exception, 
with higher morbidity in District Three. 

The highest morbidities were reported from District Five, 
which has the lowest housing standard next to that of 
District Four. In this JatteT district the morbidity of the 
adults was high, but the effect of environment and other 
factors on child morbidity could not be evaluated on 
account of the unusually small number of children living in 
this district. 

The lowest morbidity was found in Duirict Two. This 
district was rather homogeneous and did not show the 
large variation in housing standards found in other districts. 

In District Five and especially in District Six the 
“thriving" was lowest. Almost every second person 
expressed on absolute intention of changing to another 
dwelling and district. However, in the other districts that 
represented old houses of low standards, nobody expressed 
any great wish or intention to move. Those who wished to 
move from District Four, for instance, represented only 
7% and 4.8% of the population, with complaints about 
dwelling and area of residence, respectively The people in 
this district have given public expression to their de&re to 
preserve the area in its present condition, contrary to the 
authorities* intention to dear the area because of the low 
hygienic standard of the bufldinp. 

Correlation Matrix 

From the correlation matrix some associations between 
morbidity and other examined variables may be suggested. 
For 1- to £year-old chDdren in these areas of Copco- 
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Tabic l.-Somr Oiinrtembe* of Ote Su Reodential Detrieti la Oof**k«*cti 


CHARACTERISTICS 

KiSfll 

•wo" 

N % 

•THREE" 

N % 

UjjjgJ 

BWi 

am 

Dwelling< 25 aq.n. 

■a 

Q 

■ 

B 

17 

9.2 

27 

€4.3 


B 



Dwelling >100 sq.m. 

76 

43.7 

44 

49.4 

26 

15.2 

1 

B 





Dwelling >200 aq.a. 

23 

13.2 

5 

5.6 

2 

1.1 

■ 

B 

m 

B 

m 

B 

Dwe^.liag>6 roans 

28 

IS.2 

14 

15.2 

17 

8.5 

m 

B 

m 

B 

■ 

B 

Draft and cold 

■ 

B 

■ 

B 

14 

7.0 

n 

B 





Hot rater lacking 

6 

4.3 

■ 

B 

31 

16.2 

29 

78.4 

114 

54.8 



Shower lacking 



H 




36 

100.0 





Bath tub lacking 



22 

26.5 

129 

€9.4 

36 

100.0 

196 

95.1 



Single room heating 

25 

14.0 

■ 

Q 

46 

24.7 

26 

€5.0 

106 

53.0 



Cloaet outside dwell. 

■ 


6 

6.7 

17 

8.6 

38 

90.5 

35 

16.1 



Danger of accidents 
in dwelling 

14 

7.7 

■ 

B 

31 

15.7 

9 

21.4 

63 

29.0 

43 

32.1 

Contentaent 
with dwelling 

65 

35.1 

4B 

52.2 

83 

41.3 

14 

31.8 



17 

12.5 

Contentaent 
with "diatrict" 

77 

41.6 

43 

46.7 

105 

52.2 

36 

83.7 

27 

12.3 

14 

10.3 

Occup. : Workers 

17 

9.5 

2 

2.2 

IB 

9.2 

8 

19.0 

69 

32.2 

46 

34.3 

Absolutely Intent on 
changing dwelling 

34 

IB.5 


m 

B 

IB.2 

3 

7.1 

106 

47.9 

74 

55.2 

Xneooe >100.000 d.kr. 
per year 

40 

23.1 

16 

18.2 

16 

8.4 

0 

0.0 

a 

6 

3.0 

2 

1.5 

Education level high 

44 

24.4 

24 

26.7 

73 

36.5 

15 

35.7 

19 

9.7 



Education level low 

57 

31.7 

32 

35.6 

75 

37.6 

IB 

42.9 

153 

72.1 

96 

71.1 

Never using shower 

32 

18.2 

13 

15.7 

39 

19.8 

■y 

B 

46 

22.9 

17 

13.3 

Never using bath tub 


24.7 

2B 

33.7 

106 

55.4 



139 

48.5 

TT 

48.8 

> 10 cigarettes per day 



19 

38.8 

32 

18.) 



■ 


39 

40.2 


f m Hunber of reapondeate 

• Percentage of reapondenta within the district 
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hi gen, reported morbidity in the period Mirch 1972-March 
1973 was correlated with the parents* dissatisfaction with 
their partner's occupation (P < .01)»the number of smaU 
children in the family (P < .01) f the parents* dissatisfaction 
with the environment and spare-time facilities within 


the area of residence (P < JDS) and with their housing stan¬ 
dard (P < .05), as well as with parents* morbidity {P < .05), 
and common colds in particular (P < .01). For the 7-18 year 
age group, morbidity was correlated with the morbidity 
of the parents {P < JD ])»especially in regard to the parents* 


Tsbk 2.-Popid»hon OisraeUrfcbcs of the Six Rewdentu) Districts la Copeahftftn 


Characteristics 

ONE 

TWO 

THREE 

FOUR 

FIVE 

SIX 


K » 

N t 

N 1 

N « 

M * 

N % 

Man ^responding 

89 48.8 

71 76.3 

71 35.7 

22 51.2 

101 47.2 

63 46.7 

Moatn responding 

94 51.4 

58 63.7 

126 64.3 

21 48.8 

113 52.8 

72 53.3 

Children 7-18 

58 

47 

42 

0 

76 

41 

Children ; 6 

27 

12 

26 

1 

26 

25 

Childran 1 a 2 

25 

16 

18 

3 

31 

23 

Other family 
•embers 

172 

115 

149 

15 

177 

111 

Individuals 

460 

281 

434 

62 

524 

335 

Individuals per 0.48 

room kitchen inel. 

0.52 

0.52 

0.58 

0.68 

0.66 

N* Number of respondents 






%* Percentage of 

respondents 

within the district 





TaWe 3.-Self-Reported Morbidity of More Than One Day During the Last 12 Months in Different Age Croups within the Dvtncts 


Characteristics 

ONE 

TWO 

THREE 

FOUR 

FIVE 

SIX 



N 

« 

N 

« 

N 

» 

N 

« 

N 

1 

N 

1 

Adult 


94 

53.4 

43 

47.3 

109 

56.5 

26 

65.0 

151 

69.9 

64 

63.6 

Children 

7-18 

58 

63.0 

47 

43.3 

42 

62.5 

0 

0 

76 

76.4 

41 

64.3 

Children 

3-6 

22 

60.0 

12 

44.4 

26 

76.0 

2 

50.0 

26 

64.5 

25 

56.5 

Children 

la 2 

25 

68.0 

16 

65.0 

18 

77.3 

3 

60.0 

71 

78.4 

23 

75.9 


*■ Humber of respondents 

%• Parcentage of raspoadants within the 09a group la the district 


m 
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itspiratory diseases (P< JO 5). 

Morbidity of adults was correlated with dissatisfaction 
with their partner's occupation (P< J01), the quality of 
housing (P < .01 ), and with dissatisfaction with the environ¬ 
ment in the district, i.e., the standard of the district in 
relation to the other districts (P < .05). Respiratory 
tymptoms in particular seemed to be responsible for their 
morbidity, expressed as coughing, phlegm production, and 
wheezing in the chest. Dlnesses of the adults during the last 
month of study (March 1973) were also related to these 
respiratory symptoms ( P< .05) and coincided with an 
increased morbidity among the children (P<J0 5). 

in addition to the died results, a great number of cor¬ 
relations that did not concern morbidity were found. None 
of these was surprising. 

AID Analysis of Single Predictors 

Analysis of morbidity of adults within the last 12 
months showed i split into seven groups (Fig. 2). 

Fatiguing work avhome formed the basis for the pri¬ 
mary spin. Tne group with outspoken complaint of 
fatiguing work and with higher morbidity showed a secon¬ 
dary split into a still higher morbidity level in the socially 
worse districts, namely. Districts Five and Six, and a lower 
morbidity for those living in Districts One, Two, Three, 
and Four. Fot the other group with little or rvo fatiguing 
work at home, the secondary split was based on the pre¬ 
dictor •'contentment with the dwelling ** Those not con¬ 
tent with their dwelling were further split by the predictor 
-drafts and cold,** and those satisfied with their dwelling 
were split once more by -fatiguing work at home.** Con¬ 
tentment with one's occupation caused a further split 
within this last group. 

The corresponding morbidity of adults within the last 
month (March 1973) showed a primary split based on the 



# 


•t rnmrt trrtctta* 


«• »:ji 

• M M JW 


Ffc. I Morbidity of atfuta during 12 ooathi; AID isaijrA of 



Fg. 3. Morbidity of aduto during last month AID anatyai of 
iigk predictors. For key to Figures and symbols, sac Figure 2. 

housing standard, expressed as drafts and cold in the 
dwelling, while the yearly income of the family became 
a secondary predictor for those complaining less about 
drafts and cold in the dwellings (Fig. 3). For those 
with a higher income, the level of the apartment above the 
street was a third predictor for their morbidity. 

In a separate analysis of the 228 single individuals 
included in the study, it was found that the morbidity dur¬ 
ing the last year was predicted by fatiguing work at home. 
For those not stressed by this factor,morbidity was 
predicted by districts (Fig. 4). The morbidity of the 653 
married persons was primarily predicted by their content¬ 
ment with their dwellings. Complainers who had a higher 
morbidity were further split by the presence or absence of 
dampness in the dwelling, and of these, those without 



F|g. d. Morbidity of ringk potow 14) and wW p mnom 
if). AID a ntSym of ring k predicted. For key So Figures mi fw 
V^aw Figure 2. 
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dampness had a lower morbidity and showed a tertiary split 
by district. Morbidity for the group with high contentment 
with their dwelling in the primary split was in the next step 
predicted by their contentment with spare-time facilities 
for children under 7 years of age. Those content with the 
facilities had a lower morbidity (Fig. 4) 

The mean morbidity of aU children studied was 
increased in families with few children in the age gToup 
7-16 years of age. The secondary predictor was their 
parents* contentment with the spare-time facilities for the 
children under 7 yea:? of age. Children of parents who were 
least content with these facilities had the highest morbidity. 




4 third predictor for morbidity was the area of residence 

The morbidity of the youngest children investigated, 1 
and 2 years of age, was predicted by the number of rooms 
used for sleeping purposes at home (Fig 6). The best 
predictor for the morbidity of chflpren 5-6 years of age 
was the persona! hygiene of their parents, measured as 
the frequency of taking shower? (Fig. 6). Thus, parents 
taking a shower with a frequency of less than once a 
month were associated with an increased morbidity of this 
age group of children. For families with better hygiene 
in this respect, the housing standard .expressed as drafts 
and cold in the dwelling, became another predictor for 
the morbidity of these children. 

The morbidity of children 7-18 years of age (Fig. 6) 
was in the first place predicted by the parents' strong wish 
to change their dwelling, and in the second place by the 
discomfort from drafts and cold. The third predictor was 
the parents' personal hygiene,!*., their frequency of tak¬ 
ing a shower. The group with low morbidity in the first 
step was further split by the parents* contentment with the 
area of residence. 

AID A nalytis of Grouped Predictors 

After the split of the material into homogeneous mor^ 
bidity groups on the basis of single predictor?, we combined 
predictors into group factors: “thriving,** “housing stan¬ 
dard,*' “personal hygiene,** “tobacco consumption;** and 
“alcohol consumption.** The specific procedures may be 
obtained from the authors. 

“Thriving** refer? to the level of contentment as studied 
by the following parameters: respondent and partner’s 
contentment with dwelling, district, neighbors, and 
occupation; their desire to move or to change place of 




Pfc. Morbidity of eft «dn» 1-2 yean of agt (4 k 54 ymn of *%,7. Morbidity of ad t»Ha Tkrtvfcg" factor feefodad (4) md 

Oge (8), and 7-11 yean or aft (Ck AID analyw of rfajk predicted. Adodad (8) la ffer AID analyib of grouped predicted. Far key 

For key to Figarm tod aymbok, tot Fgut 1 bo Figures aod symbol*, tm Fgut 1 
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occupation, and the respondent’* contentment with (part- 
time facilities for children 3-6 and 7-18 years old. The 
“thriving*' factor eliminated the other gu>up factors, with 
the exception of “housing standard," as a predictor for 
splitting into groups by morbidity during the last year 
(Fig 7). As thriving may be questionable as an inde¬ 
pendent variable, analysis was also undertaken with this 
factor excluded. Such an analysis yielded “housing 
standard" as the best predictor for adult morbidity, fol¬ 
lowed by “personal hygiene" (Fig. 7). 

in analytes in which the adults’ cases of illness, inclu¬ 
sive c8Tchronic symptoms, were analyzed in an analogous 
way, hhriving" turned out to be the best predictor, fol¬ 
lowed by “housing standard" for the high “thriving" 
and “personal hygiene" for the low “thriving " With better 
hygiene, “thriving" again became the dominant predictor 
for those in the low “thriving" group, while “housing 
standard" was more important for those in the group with 
high “thriving “ In a corresponding analysis where “thriv* 
ing" was excluded^ only “housing standard’* remained as 
a predictor for morbidity. 

The mordibity of adults during the last month (March 
1973) was best predicted by their “thriving," followed by 
“housing standard" for those with high “thriving " Exclu¬ 
sion of ‘‘thriving” from the analysis yielded “housing 
standard" as the only predictor for morbidity. 

An investigation of the unmarried persons by the AID 
analysis of grouped factors showed that “personal hygiene" 
was the only predictor for their morbidity during the last 
year (March 1972-March 1973); this was true whether the 
“thriving" factor was included or not. On the other hand, 
as far as the married respondents were concerned, the AID 
analysis showed that the “thriving" factor was the domi¬ 
nating predictor for their morbidity during the year of 
the investigation. For persons with low “thriving" and 
high morbidit> no other predictors turned up. The morbid¬ 
ity of persons with high “thriving" and better health was 
further predicted by “housing standard," again followed 
by “thriving " In a corresponding analysis, where the “thriv- 
ing" factor was excluded, “housing standard" turned out 
to be the prominent predictor for morbidity of married 
respondents. 

When the respondent units, i.e., the respondents includ¬ 
ing any other family members, are considered as a target 
group, and the morbidity of the mean individual in these 
units is sought, the corresponding AID analysis shows 
that the predictor “thriving" again occurred as the domi¬ 
nant factor, followed by “housing standard " In a fur¬ 
ther analysis, when the predictor “thriving" was excluded, 
“housing standard" once more turned out as the only 
predictor for morbidity. 

Multiple Regression Analysis 

An attempt to use step-wise multiple regression tech¬ 
nique (twenty-nine of the fifty-seven most significant vari¬ 
ables) to obtain more quantitative evaluations gave as 
“best" result for the morbidity an explanation of 35% 
of the total variance, and this was only true for the 7- to 
IS-year-old children. The corresponding analysis with the 
variables grouped into factors of “bousing standard," 
personal hygiene," “alcohol consumption," “tobacco eon- 
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sumption " and “thriving" did not yield more conclusive 
results. 

Ditcumion 

A comparison between our results and earlier studies 
in which housing standard and related factors have been 
investigated, eg, Vagn Christensen *s study in 1956* ts 
difficult, primarily because of the lack of objective 
measures of the ’hygienic standard" used in these studies 
Christensen used mortality among children of 0-2 yean 
of age as an indication of low housing standard. Further¬ 
more, our results from 1973 are not comparable with these 
ttudies because of the changes which have occurred since 
then in, for example, the social structure and the standard 
ofliving. 

On the other hand, many epidemiological studies have 
not given attention to whether the study’s relationships 
were linear or followed an irregular, logarithmic, or other 
function. For linear relationships correlation analysis might 
be sufficient, but for, c.g M irregular relationships such as 
those for quality of life, the nonlinear dependent AID 
analysis gives more valuable information. This was one of 
the reasons we used this form of analysis in our study 

In this study, which is concerned with morbidity in 
general, the factor “thriving" (satisfaction) was the most 
prominent predictor for health as compared with other 
group factors, such as “housing standard," “persona) 
hygiene," “tobacco consumption " and “alcohol consump¬ 
tion." Like morbidity, however, thriving can to a great 
extent be considered as a function of the society. Thus 
thriving and morbidity have many connections in common 
and do not necessarily express a direct connection of 
causes, even though it is well known that thriving influ¬ 
ences out well-being and thereby our health. An interests 
ing aspect of this investigation, however, was that the con¬ 
nection between thriving and morbidity was stronger than 
the correlation between morbidity and other hygienic and 
social factors. Furthermore, the most outstanding correla 
tion coefficient found in this study concerned the mor¬ 
bidity of children under 7 yean of age and the parents* dis¬ 
satisfaction with the spare-time facilities for this age group, 
and, further, the parents’ dissatisfaction with their partner’s 
occupation (two of the thirteen components in the group 
factor “thriving"). 

Thai thriving turned out to be the mosi prominent 
factor for morbidity in general was surprising, but not 
many studies have been performed in which the relative 
importance of this factor is analyzed in comparison with 
others. However, in 1974 Kato el al., # using four different 
questionnaires distributed in four cities in Japan, also 
showed that “subjective feeling of satisfaction" was most 
significantly correlated with health, and, as they say. 

“might work lo cover shortage of other resources "• 

The importance of thriving is also reflected in other 
investigations where, in spite of different definitions, it 
has been proven to play a prominent role. In Denmark, fox 
instance, E. Pedersen has emphasized in his different works 9 
the importance of thriving in the working environment, and 
has shown that a person’s expectations and the fulfillment 
of these determine the thriving of the person. The studies 
ortsde by 0. Berg in southern Greenland show that there is 
a connection between morbidity, satisfaction, and hous- 
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tng conditions, which connection 0.3erg related to the 
special living conditions in this part of arctic Den* 
mark ,0 ‘ X1 

In the present study the importance of psychological 
factors for health is strengthened by the fact that morbid* 
fry for adults was predicted by their dissatisfaction with 
the area of residence, the dwelling, and the partner*! occupa¬ 
tion. These factors, as well as some habits of the parents 
(e.|., the frequency of taking a shower) and the physical 
and psy chological contact within the family group (number 
of sleeping rooms, older siblings, etc.), also influenced the 
mortitdjry of the children. In the light of these findings, 
morbidity appears to be more dependent on psychological 
factors than on technical and soda! standards. 

The predictor "fatiguing work in the dwelling,** which 
in this study has appeared as a predictor for morbidity, is 
difficult to estimate; it may reflect many factors and 
may'be in itself partly a causal factor. However, whenever 
poor housing standard was demonstrated as an important 
predictor for morbidity, the factor "fatiguing work in the 
dwelling" may be a causal factor in this relation. This 
applies especially to Districts Five and Six, where hous¬ 
ing standards are poorest, and which more often than not 
are inhabited by older people. 

Overcrowding, i.e., more than 1.5 individuals per room, 
including the kitchen, could not be demonstrated to 
have an effect since 0.7 was the highest number found for 
. this factor The effects of overcrowding by other defini¬ 
tions, such as only one child in families living in one- 
or two-room apartments, 0 have not been evaluated. The 
study did not indicate increased morbidity for children 
with increasing size of the fami3y. Furthermore, in con¬ 
trast to Christensen, 0 no correlation was found between 
morbidity and the area of the dwelling. On the contrary , 
the morbidity of the youngest children increased with the 
number of rooms used for sleeping. 

Almost all other of the 109 different parameters investi¬ 
gated, like civil status, sex, education, and occupation, 
showed no important statistical associations, with one 
exception: the total yearly income of the family. This 
only had influence as a secondary' predictor for morbidity, 
during the Iasi month of the investigation, of adults who 
had a better housing standard 

The negligible effects of tobacco and alcohol must b<? 
evaluated^ the light of the fact thai morbidity in thil f 
study covers morbidity in general. Furthermore, the 
✓ influence of parents' tobacco smoking on the morbidity 
of the youngest children of M years of age, found by 
DJ. Hammer et ah, 13 could not be confirmed in our 
study. The relative influence of tobacco and alcohol on 
specific symptoms and diseases might give other results 
but was not evaluated in this study . 

By and large this study indicated the importance of 
thriving for the health of people. It should be pointed 
out that people in some old-fashioned districts fight for 
the right to stay and to preserve the present environment 
of the houses, while at the same time up to 50% of people 
In new flats in the suburbs express a wish to move. 1 * This 
fact seems to indicate that modem planning in Copenhagen 


has failed to provide an environment acceptable to people 
of our time, which was the original intention. 

Conclusion 

The results obtained indicate that measures to improve 
the public health should also aim yt increasing the 
thriving of people in their environment, at home, in their 
area of residence, and at work, or at lean at protecting 
them from processes that might in any respeci disturb 
their thriving. Community health planning and education 
should to a greater extent attend to housing standards, 
spare-time facilities, and efforts to improve persona) 
hygiene. 
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Melia, R.J.W., Florey, C.V., Altman, D.G., Swan, A.V. "Association 
between gas cooking and respiratory disease in children" British 
Medical Journal 2:149-152, 1977. 

SUMMARY: A four-year longitudinal study of the 
prevalence of respiratory symptoms and disease in schoolchildren 
and related environmental and socio-economic factors is in progress. 
We report results for the first year of this study (1973). 

A total of 5758 children age 6 to 11 years from 28 
randomly selected areas of England and Scotland were examined. In 
an analysis of the effects on health of possible indoor pollutants, 
boys and girls from homes in which gas was used for cooking were 
found to have more cough, "colds going to the chest", and bronchitis 
than children from homes were electricity was used. The girls 
also had more wheeze if their families used gas for cooking. This 
"cooking effect" appeared to be independent of the effects of age, 
social class, latitude, population density, family size, 
overcrowding, outdoor levels of smoke and sulphur dioxide and types 
of fuel used for heating. It was concluded that elevated levels 
of oxides of nitrogen arising from the combustion of gas might be 
the cause of the increased respiratory illness. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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Association between gas cooking and respiratory disease 
in children 
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Summary 

A four-year longitudinal study of the prevalence of 
respiratory symptoms and disease in schoolchildren and 
related environmental and socio-economic factors Is In 
progress. We report results for the first year of this study 
(1973). 

A total of 5758 children aged € to 11 years frorp 28 
randomly selected areas of England and Scotlan4 were*, 
examined. In an analysis of the effects on health of possible 
Indoor pollutants, hoys and girls from homes In which 
gas was used for cooking were found to have more cough, 
“colds going to the chest*', and bronchitis than children 
from homes where electricity was used. The girls also 
had more wheeze If their families used gas for cooking. 
This “cooking effect” appeared to be Independent of the" 
affects of age, social class, latitude, population density, 
family size, overcrowding, outdoor levels of smoke and 
sulphur dioxide and types of fuel used far beating. It was 
concluded that elevated levels of oxides of nitrogen 
•rising from the combustion of gas might be the cause of 
the Increased respiratory Illness. 


Introduction 

Kespirjiiiry disease is a major cause of childhood morbidity. 
Jipis*Ue> %>f respiratory disease hove been said to predispose 
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children te acute respirator disease in early adulthood, 1 which 
may in tern predispose them to later chronic respiratory 
disease^—a major cause of morbidity and mortality among 
older people in the United Kingdom.* 1 The burden of chronic 
respiratory disease might be reduced if environmental hazards 
known to be associated with acute respiratory disease in child- 
hood were altered or removed. 

Outdoor air pollution has been repeatedly shown to be related 
io the prevalence of respiratory illness in children 1 • and our 
data have suggested that the relationship may exist even at 
relatively iov. levels of pollution. 7 \X'c examine here the relation 
between respiratory illness and indoor air pollution arising from 
cooking fuels. The two fuels predominantly used in the home 
for cooking are electricity and gas. The former causes negligible 
pollution, but the latter gives rise to a range of pollutants on 
combustion. 


Methods 

This protect was pan of a larger study of the hcahlf and growth of 
primary wkuolchildreo which waned in 1972. Twenty-two employ¬ 
ment exchange areas in England and six in Scotland were selected 
from a total of 5^7 areas by stratified random sampling so that poorer 
areas were proportionately better represented. Details of the sampling 
method have been published elsewhere.* 

The study population cumisied of all children aged t to II in 
selected primar;. schools within each olthe 28 areas who were followed 
up in WTV. During this year questions on respiratory illness and the 
type oi tuel used tor cooking in the home were added to the quest »on- 
auirv. Out oi 912* white children seen m 1972 7851 w ttt re-examined 
m 1971 *nsr . 

information about respiratory tymptocu experienced during the 
prcvKHu 12 momhk and episodes of broochiti* and asthma was 
requested in a >dJ-administered questionnaire completed by the 
children's parents or guardians. 7 The question about the cooking 
fuel used at home was: Do you cook by electricity, gas, coal, other 
i if other, pledge specify) ? There was a similar Question for the main 
fuel used for heating and other questions to die it socioeconomic 
information. The children were classified according to their fathers* 
occupations into the six social ebes groups defined by the Registrar 
General * No questintu were asked about parental smoking habits. 

Outdoor smoke an J sulphur dioxide (50,/ were sampled over 
24-hour period* at or near the study schools io 10 of the areas, using 
the daily smoke SO, sampler.** 
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Of the 7*51 children 214 were excluded from the analysis because 
they c^mt from homes m u hich coat or a mixture of fuels was used 
lor cook mg. There was no information on cooking fuels for of 
the remaining 7617 children, which left 6747 children who came from 
homes in which either electricity or gn* only was used for cooking 
Data (on age, sex. social chs* and responses to all six question* on 
respiratory symptom* and disease*) were complete for 575 h of these 
children: 32*M lived in houses where electricity wai used for cooking 
and 2554 in homes where gas was used. 


Result* »nd comment 
glMf»LX MtCVALKKCCS 

In each case the prevalence of each respiratory symptom and disease 
was higher in boys and girls from homes where gas was used (table IX 
The differences m pmakner between the two groups of children were 
aignificam (P •: 0 05) for bronchitis, day or night cough, and colds 
going to the cheat in both sexes and, in girls, for all other symptoms. 
Prevalence rates arm higher an hoys than in girls. 


coktahisoss of auruuTORY illness allowing fo* a elated rACioas 

The prevalence of symptoms and diseases in the children was 
greater in the lower than in the upper social classes and declined with 
age. Since the proportion of children in social classes I, II, and III 
(non-manual) was higher among those from homes where electricity 
arts used for cooking (table ID and there were minor difference* m 
age between the two groups of children, it was important to allow 
for the effect of these factors in the analyse*. Moreover, the analysis 
shown in table 1 did not take into account the hex that some children 
had move than one symptom or d/wvse. Fonurmefj a new* computer 
package—GLIM (Generalised Linear Interactive Models)—which 
has a facility for fitting log-linear moJels" to frequency data has 
become available. These models are particularly suitable for analysing 
the relation between a aet of factors and a categorical response w hen 
the response cannot be sensibly represented on a quantitative scale. 
This is a considerable advantage over more commonly used methods, 
which require the construction of a score, with associated assumptions 
of normality* and the necessity for intervals on the acalr to hast some 
quantitative interpretation. 

To carry out this analysis we prepared a act of response categories 
using histories of bronchitis, colds going to the chest, and the three 
aymptoms (day and night cough, morning cough and wheeze). 
Children reported to have asthma were excluded from the analysis. 
Although the analysis technique did not require it, we used a sequence 
of categories related to increasing severity of respiratory* Ulnest to 
simplify the interpretation Beta use thtw was no obviously correct 
way of doing this we chose tht simplest. A couni e i the positive 
responses to the five questions on symptoms and diseases was used 


NUrntCAL JOVUXAL 16 JULY ]Q77 

to define the following four categories: (I ’ no symptom or disease; 
(2' one svmpmm or diw*w; O) two symptoms or diwatcs; (4) three 
OT more symptoms or disease*. 

Since the prevalence of symptoms and disease differed between the 
sexes, boys and girls were analysed separately. Within each sex tht 
children were divided into eight subgroups, according to social class 
fill or above; or class III 'n\tnuj1) or below); age 

(below H years; nr 8 years anj every; and the type of cooking fuci used. 
Whin each subgroup the distribution of the chilJren among the four 
categories of respiratory illness was determined (table HI;. These 
distributions for all the subgroups were then analysed using the log- 
Knear moJel facility in the general linear model-fitting program 1 * to 
test whether there were aysiematic and consistent differences between 
them re bred to social class, age. or types of fuel. This technique had 
obvious advantages over the rebtivc-risk approach, with its require¬ 
ment that the response categories be compressed into a dichotomy, 
with a consequent loss or information. 

As expected, the analyses for both sexe* showed that the proportion 
in the more severe categories of respirators illness was greater in the 
lower social class group than the higher group fP - 0 01) and greater 
for younger than for older children (P « 0 OIL An association between 
greater sev erity of illness and the use of gas for cooking was also found 
after allowing for the effects of social class and age <P > 007 for boys; 
P * .0 001 for girls). InotheT words,m the g.is cooking groups the pro¬ 
portion of children in the more severe illness categories increased at 
the expense of those in the less severe categories. Thus if girls aged 
under S yean and from social class 111 (»iu»nu/) or below are taken 
» as an example, IT** of those from homes using electricity had two 
or more diseases or symptoms compared with 16“.. of those from homes 
using gas. 

Effects due to latitude and the degree of urbanisation might also 
have biased the results, so the analysis was extended to include these 
factors. To represent latitude the areas were grouped into three 
regions: Scotland, England north of the line yenning the Bristol 
^ Channel to the V‘a*h, and EnglanJ south of this line. Urban and rural 
** area} were defined according to whether they had a population density 
above or below 20 people hectare. As this extended analysis was too 
brge for cut computer facility, urban and rural areas were analysed 
separately and the respiratory illness categories 3 and 4 combined 
into one This also helped to ensure adequate numbers m each cate¬ 
gory* within the 40 subgroups. 

Allowing for the effect of these factors m the anahsh made no 
difference to the direction of the relationships of illness severity with 
age and social cb*s, although the associations did not always reach 
statistical significance. A relation w-ith latitude did emerge, but this 
seemed to depend on the degree of urbanisation. For rural areas there 
was some evidence, confined to girls, that there was more illness in 
southern England. For urban areas, on the other hand, the proportion 
of children in the more severe categories was highest in northern 
England and lowest in the south (P 0 001 for boys;and P ■ 0 005 for 
girlsl. This finding is difficult to explain simply, although it could be 
argued that latitude has no effect m rural areas—that is the significant 
mult for the girls was a chance one, while m the urban areas the 
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effect* foHtmcd the pattern one might have expected given the more 
inicnw tnJavtrulisatwo of the north. 

The iwcuika between the distribution pmonf the respiratory 
tUno* eaicy**rio> and the type of cooking fuel wav still apparent even 
alter tlwse extra factor* mere uLen into account. The proportion of 
children nith more than one diwaw or symptom «n still higher among 
th(»*e from Nunc* where gas was used lur cooking. Rut thi* -uwxutwin 
wa> tigmiicani only for girl* in urban areas ;P 0 t»Jj, though the 
trend wav in the same direction for both sexes in urban anJ rural areas 
In tael lor the girls in rural area* and the boys in urban area* the 
association wav not tar from significance fl* - 0 lit;. 

Although we allowed for the effects of latitude and degree of 
urtumvaiion by classifying the areas into six group* it mas still 
po»*ihlc that some ol the cooking effect could have been explained 
by the differences between the areas within each group. As it was 
impractical to divide the children into still more' sub-group* we ex¬ 
panded the area group* to 2* at the expense of the Tetpuxtory illness 
categories, which were reduced to two (those with and those without 
symptoms or diseases). Using a logistic transformation of the propor¬ 
tion of children in the illness categories as the outcome variable* me 
obtained very similar results to our first •linear model analysis. 
Alter allowing for the effects of social class, age, and area, there Was*a 
sigmricant association of symptom* and diseases with the use of gas 
for coukmg in girl* 'P * 0-05;* and* although the effect did not reach 
significance. in boys (P *010), it was in the same direction. 

We also considered other factors that might have affected the 
comparikons, such as the number of siblings, overcrowding in the 
borne, fuels used for hearing and atmospheric smoke and SO a levels. 
Data for thne variable* were, however, cus*ing for many of th* 
children, so only very amati number* remained within the necessary* 
subgroup*. Thu* the results from these analy*c* were not so con¬ 
clusive and w ill need confirmation by study of the more complete data 
bow being collected. None the less, when these factors were uken 
iniu account, the proportion of children with one or more respiratory 
symptom* or dtxcaw* remained higher in both boy* and girl* from 
homes where gas was used. Thu approached significance in girls 
<P a 0 10/ but not in boys. 


Discussion 

.U'e have shown that children from humus where gas is used 
fur cuimg have a higltcr prevalence of respiratory symptom* 
and dtscavc. This'may be due to pollution of the indoor itmo>- 
phere by the products of gav combustion, but ocher factors 
associated with gas cooking and respirator}' may util 

underlie the findings. So Car as possible we have made allowances 
for most of the obviou* factors. Although the grouping of 
social class which we haj to use was rather broad,lhc differences 
in the use of electricity anJ ga* between the social class groups 
were quite small (uble II). On the ocher hand, we could not 
include family smoking habits in the analysis, but the known 
♦ relation between smoking and social cbss 1 * has allowed us to 
•void at least some of the potential bias from this tourer. Ii 


teems unlikely that within our social dsss groups there was a 
higher prevalence of smoking in homes where gas was used for 
cooking. 

The main constituents in the emissions from a gas cooker are 
N„ 0 : , CO*, anJ water vapour, with small amounts of CH«, 
C*H„ and other hydrocarbons, CO, NO, NO*, and various 
aldehydes. Other pollutants, such as HK, HC1, and Hllr, can 
be formed a* a result of residua] aerosol spray vapours in com¬ 
bo*: ion air pJvsing through the ffame on the cooker. 

Report*’ 1 ,A indicate that the concentration* of oxides of 
nitrogen emitted from ga* cookers are above those recommended 
in the US Primary Air Quality Standards’* and Emergency 
Epi>ode Criteria Guidelines. 17 The maximum level recommended 
fur the annual arithmetic mean i* 0 05 ppm, and the alert leveli 
for the 24-hour and one-hour averages are 015 ppm and 0 6 ppm 
respectively. Derwent and Steuan' 4 have reported that the 
concentrations of oxides of nitrogen taken as a whole that are 
emitted from a gas cooker range from 8 to 33 ppm. Wade <r at 14 
found that over a two-week period the average concentration of 
NO- in kitchens where a gas cooker was used was over 0 05 ppm, 
the maximum recommended ambient level. They also showed 
how the concentration in different pans of the home fluctuated 
with the use ol the cooker, and reached average levels of over 
0 15 ppm for two hours in the kitchen. 

Little has been published about the effects of these gases on 
human health. Reports of human exposure have been confined 
to agricultural and industrial accidents, in which adults have 
been suddenly exposed to very high level* of NO and NO,, 
with resulting extensive pulmonary oedema. These levels wore 
much higher than those emitted by gas cookers. 1 " •• 

* Information on the effects on health of low-level exposure to 
NO and NO* has come from animal and epidemiological studies. 
Mice have been show*n to have an increased susceptibility to 
infection by KUbustla pmamvniiai when first exposed to con¬ 
centration* of NO, of 34 to 25 ppm** for about two hours. 
Shy tt ml, reporting tome of the Community Health and 
Environmental Surveillance System studies,* 1 attributed a 
modest decrease in the respiratory function of children aged 7-8 
to expo*urc to a yearly average concentration of outdoor NO* 
of 0 09 ppm. Tbeir measurements of NO. have since, however, 
been shown to be highly correlated with SO, concentrations, 
and the effects of the two pollutant* could not be separated.** 
Vc have found only one report of studies similar to ours, which 
were carried out in families living in a suburb of Columbus, 
Ohio, and on Long Island, New York.* 1 In contrast to our 
finJings, the authors found no association between respiratory 
disease and the use of electricity or gas for cooking. 

SO. is also given off during the burning of gas and is pbten- 
tiatly harmful to health. But the sulphur content of ga* » legally 
limited and the levels of SO* produced are likely to be very much 
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lower than thou currently believed to have advene effect* on 
• health. Thus vt seems uniikcly that this pollutant would have 
caused our findings 

Possibly the combustion products of coal fas and natural gas 
differ in some relevant way. Vi'e could not separate the effects 
©T the two types of g»* because most of the study areas under¬ 
went a changeover from tow n to natural gas during 1973, and 
the children were exposed to the products of combustion of 
both gases. 

The relation between gas cooking and respiratory disease 
teems to be stronger and more consistent for girls than for boys, 
as would be expected if girls spent more time in the family 
kitchen. If this is the case, and the difference between the sexes 
is purely the result of differing exposure, it seems likely that 
increased ventilation might be sufficient to dispel any risk. 

Nevertheless, detailed research is required to determine 
whether the relation we have found is really due to a direct 
effect of the products of gav combustion cm the respiratory 
tract before more complicated measures for the protection of 
health are considered. 

We thank Professor HoHanJ as initiator and director of the study 
for his advice; the trained ficldworkm from Si Thomas** Hospital; 
other members of the study ream ; and the nurses, teachers, and other 
assistants in the study areas We also thank Mr Robert Waller from 
the MRC Environmental Hazards Unit at St Bartholomew*s Hospital 
Medical School and Dr Swan Reed from the Scientific Department, 
County Hall, London for reading the manuscript and giving valuable 
advice. 
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Summary 

The Ames Dextrostix-Eyetone system was evaluated for 
anonltor&ng the blood clueose concentration during 
Insulin-Induced hypoglycaemia. The results agreed well 
with laboratory valuer for plasma glucose, obtained by 
an orihotnluulinc method, and the method was prac¬ 
ticable as a bedside technique. In two cases quick results 
obtained with the Eyctonc enabled the Insulin tolerance 
test to be Interrupted to prevent severe hypoglycaemia 
before the clinical Indications were obvious. The extra 
time and effort required were minimal, and Its value 
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teems to far outweigh the disadvantage of the extra work 
entailed. Nevertheless, care In using the system was 
important, and the operator must familiarise himself 
with the system before the most reliable results can be 
obtained. 


Introduction 

The besi validate J test of pituitary growth hormone (GH) 
release in man n the insulin tolerance test (ITT), which allows 
GH and ACTH production by the pituitary to be eucssed 
simultaneously.* The test is especially useful as thyrotrophin- 
rdcasing hormone (TRH) snd gonadotrophm-Klcssing hormone 
(GRH) may be given at the same time so that prolactin and 
gonadotrophin secretion can be assessed simultaneously. 

Adequate hypoglycaemia must be achieved before the ITT 
can be considered to be satisfactorily completed. Hypoglycaemia 
h generally recognised from the clinical signs (such as sw eating) 
and, retrospectively, by seeing that the plasma glucose con¬ 
centration has fallen by at least 50 M from the fasting value 
•ftd is below* 2*8 mmol 1 (50 mg 100 ml) at the nadir. : Because 
of this and of the danger of severe hypoglycaemia, especially 
in young children, there have been extensive searches for ocher 
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Respiratory Illness in Primary Schoolchildren and the Use of Gas 
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SUMMARY: The relation between the prevalence of respiratory illness 
and the use of gas for cooking in the home has been investigated 
in a 5 year longitudinal study of primary schoolchildren from 
England and Scotland. 4827 boys and girls aged 5 to 10 years from 
27 randomly selected areas were examined in 1977, the last year of 
the study. The prevalence of one or more respiratory symptoms or 
diseases was higher in children from homes where gas was used for 
cooking than in those from homes where electricity was used. The 
association appeared to be independent of age, sex, social class, 
number of cigarette smokers in the home and latitude but it was 
only found in urban areas (for boys p < 0.005; for girls p20.08). 
In children aged from 6 to 7 1/2 in 1973 who were followed until 
the last year of the study there was some indication that the 
association between respiratory illness and gas cooking may have 
disappeared as the children grew older. However this trend was 
not obvious in the other age groups who were follwed for 2 to 4 
years. The evidence of an association between gas cooking and 
respiratory illness in 1977 supports results for 1973 presented in 
an earlier report while the cohort results provide some indication 
that the association may disappear as children grow older. 
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The Relation between Respiratory Illness 
in Primary Schoolchildren and the Use of 
Gas for Cooking 

I - Results from a National Survey 

R J W MELIA. C do V FLOREY and S CHINN 


Meue R JW (Deportment of Community Med«cint. Si Thomet'i Hospital Madicai School* London SE1). Florey 
C du V end Chinn s The relation between respiratory illness m primary *ehoo<cN»drtn and the use of gat for 
cookmg I -> retuMs from a national study inrtrn*tton*t Joornsf of (ptOtmtotogy 1979. $ 333-338 
The relation between the prevalence of respiratory illness end use of ga» for cooking in me home hes been investi¬ 
gated in a 5 veer longitudinal study of primary schoolchildren, from England end Scotland. 4877 boys and girls 
aged S to 10 years from 27 randomly selected areas were eummto in 1977. the test year of the study. The pre¬ 
valence of one or more respiratory symptoms or diseases was higher in children from homes where gas wet used 
for cooking than in those from homes where electricity wes used The association appeared to be independent of 
age, sex. social class, number of operetta smokers »n the home end latitude but *t wet only found in urban trees 
ffor boys p < 0 00S. for girls p * 0 08) In children aged from 6 to 73V in 1973 who were followed until! the last 
year of the study there was some indication that the association between respiratory illness end gas cooking may 
have disappeared as the children grew older. However this trend was not obvious in the other age groups who were 
followed for 2 to 4 years. The evidence of an association between gas cookmg and respiratory illness »n 1977 sup¬ 
ports results for 1973 presented *n an earlier report while the cohort results provide some indication that the atsoc» 
ation may disappear as children grow older. 


We previously reported an association between the 
prevalence of respiratory symptoms and disease, and 
the use of gas for cooking using datp from a national 
study of respiratory illness in primary school* 
childrtr (1). We believed that indoor air pollution 
from nitrogen dioxide (NO a ) formed during the 
combustion of gas might have been the cause of this 
association because this pollutant has been shown 
to increase susceptibility to respirator)' infection 
in animals (2). In this series of 3 papers we present 
an analysis of more recent data from our national 
study and also the results of an investigation of the 
relation between children's respiratory illness and 
NOj levels in the home (3,4). 

As the national study was longitudinal and the 
association had only been reported for children 
present in the first year, 1973. we examined the 


Department of Community Medicine. St Thorn**'* Hospital 
Medical School. London Stl 


diu collected over the 4 following yean. Results 
are reported here for 2 groups of children: those 
aged 5 to 10 years who were present in 1977 but 
not 1973 (cross-sectional analysis), and those 
present in 1973 who were fo!lowed*up in sub¬ 
sequent years (cohort analysis). Unlike previous 
years, in 1977 information was collected on the 
number of people who smoked cigarettes, cigars 
and pipes in the home. Additional information was 
collected on gas water heaten and use of pilot 
lights on gas cookers as it was thought that these 
might contribute to the concentration of NOi 
in the home. 

Ml TIIODS 

Children aged 6 to 11 years who attended schools 
in 28 randomly selected areas of England and 
Scotland were examined annually from 1973 to 
1977. The areas were selected from 597 employ¬ 
ment exchange areas by stratified random sampling 
and a socio-economic index was used to obtain a 
high proportion of poor areas. Details of the method 
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TABLE 1 Cry Jr prrvalfncf 1%) of rttptrjtnry symptoms *nd J nr Jin in hoy \ andprit fry type of furl used 

for cooking tn the home 


Symptom* and Disease* 

Electricity 

Boys 

Gas 

r * 

Electricity 

Girls 

Gas 

r 

Morning cough 

2.1 

3 1 

< 0.20 

2.4 

3.3 

p >0 20 

Day or night cough 

4 2 

6 .) 

•002 

4.4 

4.7 

p > 0.20 

Whccte 

10.1 

10 1 

p > 0.20 

6.2 

7.1 

p > 0.20 

Cold* going to chest 

232 

26 4 

p <0 10 

19.6 

23.1 

p < 00 $ 

Aithm* 

2.4 

24 

pX >.20 

1.0 

1.2 

p >0 20 

ironchttit 

3.2 

3.6 

p >0 20 

2.2 

2.4 

p > 0.20 

Any respiratory illness 

26 3 

31.2 

p ® 0.01 

23.1 

26 5 

p *0 07 

No. children 

1549 

909 


1468 

901 



* Probability value of difference between prevalence rates X* tot 


of sampling are described elsewhere (5)- 

In 1977, however, schools from 4 areas were un¬ 
able to participate and other state schools in the 
areas were selected. A further 4 areas declined to 
take pan at all and nearby areas with the same socio¬ 
economic index were substituted. One of the new 
areas was not ready to join the study in 1977 so the 
the children came from 21 English and six Scottish 
areas. The age range was extended in 1977 to 
include 5 year olds. 

Information about each child and the home en¬ 
vironment came from a questionnaire completed by 
the child's mother or otheT guardian. Six questions 
used in the previous years of the study were asked 
about cough, wheeie, colds going to the chest, and 
the number of atticks of asthma and bronchitis 
experienced by the child during the previous 12 
months. Other questions were asked about the type 
of fuels used for cooking and heating in the home, 
the presence of gas water heaters, the use of pilot 
lights on gas cookers, and the number of people in 
the household who smoked cigarettes (at least 5 a 
day) and cigars or pipes regularly. The father's 
occupation was coded into social class using the 
Registrar General's classification (6) and the numben 
of bedrooms and people in the household were used 
to obtain a measure of overcrowding. 

Population for 1977 Cross-Sectional Analysis 
9925 children were included in the study in 1977 
but 1330 10 to 11 year olds were excluded because 
they had also been present in 1973 and we wished 
to study a different gToup of children from those 
among whom the effect of gas cooking had first 
been found Out of the remaining 8595, 271 were 
omitted because their ethnic group was either not 


known or known to be non-Caucasian, 88 because 
their age was not known and 261 because they were 
aged less than* 5. 5008 (63%) of the remaining 
7975 children had complete information on the 6 
respiratory symptoms and diseases, their father's 
social class, the number of cigarette smokers in the 
home and type of fud used for cooking. 181 of 
these were excluded because they did not come 
from homes where only electricity or only gas was 
used for cooking. As the numben of cigar and pipe 
smoken in the home tended to be ajsogated with 
the number of cigarette smoken we used only the 
latter in the analysis as a general indicator of smok¬ 
ing in the home. The analysis was carried out on 
3017 children from homes with an electric cooker 
and 1810 from homes with a gas cooker. This 62% 
sample of the total 7794 children eligible for 
analysis showed no significant difference in mean 
height or weight by age from the remaining 38% 
whose measurements had also been taken. For 2 
additional analyses 98% of the 4827 children had 
information on gas water heaters and 99.6% of 
those from homes with a gas cooker had dau on 
pilot lights. 

197J Cohort Analysis 

Children first examined in 1973 left the study when 
they left primary school at age 11 or 12, or if they 
moved away from their area. They could be divided 
into 5 cohorts according to the number of com¬ 
pleted years for which they remained in the study 
(less than 1 to 4). In our analysis we have considered 
only children who had been followed-up for at least 
one year and whose mother had reported the use of 
the same cooking fuel in each year that their child 
was studied. There were insufficient numbers for 
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analysis of (host who reported a change in cooking 
fuel. 5758 (73%) of the 7851 Caucasian children 
aged 6 to 11 yean who were included in the study 
in 1973 Had complete information on sex, social 
class and the 6 respiratory symptoms and diseases, 
and came from homes where only gas or electricity- 
was used for cooking. Of these 5758, 2408 (42%) 
had data for full follow-up 791 children aged 9.5 to 
10.9 (14%) were followed up with complete infor¬ 
mation for one year until 2974, 578 aged 8.5 to 9.4 
(10%) until 1975, 502 aged 7.5 to 5.4 (9%) until 
1976 and 537 aged 6 to 7.4 (9%) until 2977. 

CROSS-SECTIONAL RESULTS FROM 1977 
Crude Prevalences 

Only the prevalences of day or night cough in boys 
(p * 0.02) and colds going to the chest in girls 
(p < .05) were found to be significantly higher in 
children from homes where gas was used for cook¬ 
ing compared with children from homes where 
electricity was used. Although none of the other 
symptoms or diseases appeared to have a statistically 
significant association with gas cooking the pre¬ 
valences of alt symptoms and diseases in girls and of 
morning cough, colds going to the chest and bronr 
chitis in boys appeared to be higher in children from 
homes with gas cookers. 

As no particular symptom or disease showed a 
strong association with type of cooking fuel in 
either sex and the responses to the 6 respiratory 
questions were inter-related we grouped the various 


responses to the 6 respiratory questions by a method 
similar to that used in our previous paper (1). The 
children were grouped according to whether they 
had none, or one or more symptoms or diseases. 
In both sexes this prevalence was higher in children 
from homes where gas was used for cooking than in 
those from homes where electricity was used 
(p - 0.01 in boys, p » 0.07 in girls). 

Prevalence and related factors 
Several interfering factors needed to be considered 
in the analysis. The most obvious of these were age 
and social class (Tabic 2). Within each age group 
(less than 8 , and 8 or more) and each social class 
group (I to III (non-manual), and III (manual) to 
V) the risk of having one or more respiratory symp¬ 
toms or diseases in homes with gas cookers relative 
to the risk in homes with electric cookers was 
greater for all children except girls aged 8 or more 
from the manual social classes The weighted 
relative nsk (7) across these groups in homes with 
gas compared with homes with electric cookers was 
1.25 for boys(p <0.05) and 1.19 for girls (p - 0.07). 
The relative risk in boys was similar to that for boys 
aged 6 to 11 who had been examined in 1973 (1.29, 
p < 0,05) but in girls the rtUtive nsk was smaller in 
1977 than 1973 when the value was 1.40 (p < 
0 . 001 ). 

In addition to age and social class we also con¬ 
sidered the number of cigarette smokers in the 
home. The number of smokers was associated with 


TABLE 2 Pmentogt of hoys ond pWi classified by the number of respiratory symptoms end diseases tber they vrrr 
reporteJ to hove, social dost, age and type of feel used for cooking Hub of has i*| mprratvry tllnrst m homes u.t/6 
got cooking reletrve to mb tn homes unit electric cooking alto given 


SEX 

No Respiratory 
Symptom* or 
Disease* 

SOCIAL CLASSES 1- 

< 8 Years 

Electricity Gas 

III (non-manuil) 

> 8 Years 

Electricity Cas 

SOCIAL CLASSES III (manual) - V 

< 8 Yean > 8 Years 

Electricity Gas Electricity Cas 


None 

72.6 

68 1 

80.8 

71.7 

67 2 

61.1 

76.4 73.1 


1 or more 

27 4 

11.7 

19.2 

28.1 

12 8 

16.7 

21.6 26.9 

BOYS 

TOTAL t 

100 

100 

too 

100 

100 

100 

100 100 



(277) 

(145) 

(286) 

(111) 

(485) 

(111) 

(501) ())•) 


Relative Risk 


1.2 

1.7 

r* 


1.2 

1-2 .. 


None 

75.6 

72 4 

85.2 

81.4 

72.2 

61.7 

78.5 81.5 


1 or more 

24 4 

27 6 

14 8 

18.6 

27 8 

16.1 

21.5 185 

CIRLS 

TOTAL t 

100 

100 

100 

too 

100 

100 

100 100 



(291) 

014) 

(243) 

018) 

(497) 

(116) 

(417) (111) 


Relative Risk 


1.2 

1.9 


1.5* 

0 8 


9 p < 0.03. t number of children given in brae hen 
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sol is io » « years * vn *oys, jr gwls 

1 *1 f7775 



Aoc • s to i * years mwn a) boys, m (ms 

:: l,-lr^rL 


ROC 7 S 10 • 4 YEARS M «73 2U ***, &* G*lS 



ROC 4 0 TO 7 4 YEARS Ri *7| »7 *WS. JR 0*LS 
Ml _ 


:U 

L. 

-m i~i_[ 

r*-s_ 

J m 


0 |J 

*7J *74 *75 *74 *77 


YEAR 


FIGURE 

The rtUtnif ntk for retpimtory illnrts m children 
from get cook mg bom ft com port d vub children 
from electnc cooking bomti u jive* by sex end 
year of fxemineiion for four cobom defined by mge 
•t entry mto the study in 197J 


the use of gas for cooking within manual but not 
non-manual social classes (Table 3). Furthermore 
the degree of urbanisation and location of the study 
areas defined by latitude (Scotland, and England 
divided into north and south by a line joining the 


Bristol Channel to the Wash) were included in the 
analysis because in 1973 the association between 
respiratory illness and gas cooking was found to be 
most consistent in urban areas in the north of 
England. 

The relation between these factors and the 
prevalence of respiratory illness was examined by 
fitting a log-linear model using a method of analysis 
described in greater detail in our earlier paper (1). 
We first divided the children into 1 of 2 categories 
according to whether they had none, or one or more 
symptoms or diseases. We then divided the children 
by age. sex. social class and type of cooking fuel as 
shown in Table 2, into rural and urban areas (less 
than 20. and 20 or more persons peT hectare respec¬ 
tively) and the 3 divisions of latitude. The model 
was fined separately for boys and girls, and for rural 
and urban areas as the computer program did not 
allow space for the full model. 

An association between gas cooking and respira¬ 
tory illness was found independent of the effects of 
the other factors in urban areas (for boys p < 0.005. 
for girls p * 0.08) but not niral ones. For girls in 
rural areas, however, there appeared to be an 
association in the younger age group. In contrast the 
effect of number of smokers in the home was only 
significant in rural (for both sexes p < 0.005) but 
not urban areas. As might have been expected the 
prevalence wa> higher in the younger than the older 
age groups (p < 0.05) in all 4 analyses and tended to 
be higher in the manual than the non-manual social 
classes although this relation was not always sig¬ 
nificant An effect of latitude was only found in 
girls from urban areas (p < 0.05). the prevalence 
being highest in the north and lowest in the south of 
England. 

We extended the 1977 analysis to allow for the 
effects of various otheT factors: overcrowding, type 
of fuel used for heating in the home and outdoor 
levels of smoke and sulphur dioxide in each area. 
Only 1032 boys and 950 girls could be included in 


TABLE ) Fwrxntogf of children Imng tn hornet mttb no rige^rffe tmoken end one or more 
tmoken by the fetber'% toe ml dost end type of fuel used for cooking in the borne 


No Cigarette 
Smokers 

1 

Electricity 

Social Quart 
•III (non-manual) 

Gu P 

Social Quaes 

III (manual) - V 
Electricity Gat 

P 

None 

55.4 

51.» 

315 

28.5 


I or more 

44 6 

41.2 -0.20 

61.7 

71.5 

<0001 

TOTAL * 

100 

too 

lOO 

100 



(1097) 

(510) 

(1920) 

(1100) 



• Number of children given in brackets. 
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TABLF 4 Cntdt prreolence t%) of boo i«| one or mort mptrotone tymptomt or dneotet 
m boyt onj prlt by pretence of got tnoter beotm tn the borne onj 
ute of pilot Itgbtt on got eooken 


Pti-vcnce ol 
Cu w*icr Heater 


\J*€ of 

Pilot Light * 


SEX 



No 

Yo 

P 

No 

Y« 

r 

ROYSt 

27 7 
(22531 

33 3 
(141) 

< 0 20 

30 B 
(305) 

31 4 
($98) 

p >0 20 

CIRLSt 

23 9 
(2201) 

339 

(121) 

< 0 02 

23 2 
(310) 

28 3 
($90) 

p < 0 1$ 


f number of children given in buckets 
* children from homes with electric cooking excluded 


this analysis so these findings must be treated with 
caution. However, after allowing for the various 
effects, respiratory illness was shown to be associated 
with fas cooking although only significantly so in 
boys (for boys p < 0.02; for girls p - 0.15). 

Finally we examined the effects of gas water 
heaters and pilot lights (Table 4) but a relation 
could only be found between respiratory illness in 
girls and gas water heaters When we fitted a log- 
lintar model to include age, social class, and number 
of smokers in the home in the analysis, the associ¬ 
ation between water heaters and respiratory illness 
was inconsistent across the 2 social class and cooking 
fuel groups. However a significant association was 
found in girls afteT allowing for the effects of the 
other factors (p < 0.05). 

LONGITUDINAL RESULTS FOR 1971 COHORTS 
For the 4 cohorts of children who were followed up 
for 1 to 4 years, the risk of having one or more 
respiratory symptoms or diseases in homes with gas 
cookers relative to the risk in homes with electric 
cookers was calculated for each sex in each year 
that the children were examined (Figure). 

In each cohort in 1973 the risk was greater in 
homes with gas than homes with electric cookers. 
In later yean, as the cohorts grew older, the relative 
risk showed considerable variation. Although in 
most groups the risk was greater in homes with gas 
than homes with electnc cookers, there were groups 
for whom the risk was either negligible or greater 
in homes with electric eooken. For each cohort 
there appeared to be no consistent change in the 
aiie of relative risk over time except possibly in 
the youngest cohort for which the relative risk 
tended to decline from 1973 to 1977. 

DISCUSSION 

Although the results for the children seen in 1977 


were similar in many respects to those for children 
seen in 1973 there were differences. The effect of 
gas cooking seemed to be smaller in 1977 than in 
1973, at least among girls and. whereas the effect 
had been most consistent in urban areas in the 
north of England in 1973, it appeared to be in¬ 
dependent of latirude in 1977. 

As the prevalences tended to be higher in 1973 
than 1977 for children of the same age it is possible 
that children examined in the first year were pre¬ 
disposed to respiratory illness through the effect of 
some other factor and were therefore more sus¬ 
ceptible to the effect of gas cooking Differences in 
weather conditions between the 2 years would not 
explain these observations as the wrinter of 1976/77 
was colder than that of 1972/73. However as the 
levels of outdoor air pollution from smoke and. 
sulphur dioxide have been declining over a number 
of yean in the United Kingdom (8) children studied 
in the first year may have been exposed to higher 
levels of outdoor air pollution during their lives 
than children examined in the last year. As the 
decline in these levels is likely to have been most 
marked in urban areas in the north of England this 
may explain why the effect of gas cooking was no 
longer most consistent in this cype of area by 1977. 
Past high levels of atmospheric pollution may also 
have contributed to the differences in longitudinal 
results between the cohorts first examined in 1973. 

There seems to be no obvious reason why there 
should be a gas cooking effect in urban areas and a 
smoking effect in rural areas. We can only suggest 
that variation in the siac of effects has occurred by 
chance because the sample of children has been sub¬ 
divided into so many small groups during the 
analysis. Similarly, as the effect of gas water heaters 
was only found in girls, a more thorough investiga¬ 
tion would be required before drawing conclusions 
from this result. 
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In summary wc have observed an association 
between respiratory illness and the use of gas for 
cooking in 2 separate groups of children seen 4 
years apart in our national study. However the re¬ 
lative risk for children in homes with gas cookers 
compared with those in homes with electric cookers 
appears to be smalltr in 1977, at least in girls, and 
only significant in urban areas. There is also some 
evidence that the relative risk may decline as the 
children grow older. 
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SUMMARY: As part of a long-range, prospective study of the health 
effects of air pollution, approximately 8,000 children from 6 yrs 
to 10 yrs of age from 6 communities had questionnaires completed 
by their parents and had simple spirometry performed in school. 
Comparisons were made between children living in homes with gas 
stoves and those living in homes with electric stoves. Children 
from households with gas stoves had a greater history of respiratory 
illness before age 2 (average difference, 32.5/1,000 children) and 
small but significantly lower levels of FEV1 and FVC corrected for 
height (average difference, 16 ml and 18 ml, respectively). These 
findings were not explained by differences in social class or by 
parental smoking habits. Measurements taken in the homes for 24-h 
periods showed that N02 levels were 4 to 7 times higher in homes 
with gas stoves than in homes with electric stoves. However, these 
24-h measurements were generally well below the current federal 
24-h outdoor standard of 100 ug/m3. Short-term peak exposures, 
which were in excess of 1,100 ug/m3, regularly occurred in kitchens. 
Further work will be required to determine the importance of these 
short-term peaks in explaining the effects noted. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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Respiratory Disease Rates and Pulmonary Function 
in Children Associated with NO, Exposure 1 ' 4 

FRANK E. SPEIZER. BENJAMIN FERRIS. JR,, YVONNE M. M. BISHOP, and JOHN SPENGLER 


SUMMARY __ 

As part ut a long-range, prospective study of the health effects of air pollution, approximately 1,000 chil¬ 
dren from 6 >rvio 10 yis of age from 6 communities had questionnaires completed by their parents and 
had simple spirometry performed in school. Comparisons were made between children living in homes 
with gas stoves and those living in homes with electric stoves. Children from households with gas stoves 
had a greater history of respiratory illness before age 2 (average difference. J2.5/I.OOO children) and 
small but significantly lower levels of FLV. and FVC corrected for height (average difference, 16 ml and 
IK ml. respect is cly). These findings were not explained by differences in social class or by parental smok¬ 
ing habits. Measurements taken in the homes for 24-h periods showed that NO, levels were 4 to 7 times 
higher in homes with gas stoves than in homes with electric stoves. However, these 24-h measurements 
weic generally well below the current feslctal 24-h outdoor standaid of lU>Mg/ni*. Sboit tcrm peak expo 
sines, wInch were in csccsvol I.UXImK* iii*; regularl> occurred in kitchens, l ufthei woik will beicquucd 
to determine the importance of these short-term peaks in explaining the effects noted. 


Introduction 

There is little doubt that NO, at high concentra¬ 
tion is associated with acute pulmonary edema 
and death. Silo filler’s disease in which farmers 
are exposed to concent rations of NO, in excess of 
200 ppm (376,000 yg/m*) with a resultant occur¬ 
rence of acme pulmonary disease and occasionally 
death was described in the l¥50v(l). Farmers sur¬ 
viving such exposures can develop pulmonary fi¬ 
brosis. 

(Knrivrr/ m original form July 2. 1979 and m rtvi\td 
/urm (kiot»cr 16. 1979) 

* From the Departments of Physiology, HiosiatUiict, 
and environmental Health Sciences. Harvard School of 
Public Health, and the CTianning Laboratory, Depart¬ 
ment of Medicine, liorvaid Medical School and Peicr 
llcnt llngham Hospital, llovion, Mavi. 02115. 

9 Supported in patt by grams from the National Insti¬ 
tute of Fnvironmeiiiat lleulth !#cicncev (HS0002, 
|-SO 11 OK). Flcctiic Power Research Institute Contract 
No. RP 1001 FPRI, and FPA Contract No. lil 1 6IU02- 
3201. 

1 Presented in pan at the Symposium on Health Ef¬ 
fects of Nitrogen Oxides, ACS/CSJ Chemical Congress 
1979, American Chemical Society, Chemical Society of 


Recently, concern over the effects of indoor ex¬ 
posure to lesser concentrations of NO„ both re¬ 
peated short-term peak exposure and continuous 
low exposure, has led to studies of children (2) 
and housewives (3) but with inconsistent results. 
Mclia and co-workcrs (2) from Great Britain re¬ 
ported higher rates of lower respiratory disease in 
school children living in households with gas 
cooking stoves than in those living in households 
with electric stoves. These differences in rates 
could not be explained by social class or differ¬ 
ences in household size. However, this study did 
not take into account the smoking habits of the 
parents of these children. Subsequently, Melia 
and co-workers (4) found that households with 
gas cooking stoves had 7 times higher concentra¬ 
tions of NO, in the kitchen than did matched 
households with electric cooking devices. Similar 
studies in the United States found concentrations 


Japan, Honolulu, Hawaii and at American Thoracic 
Society Meeting, May 1979, Las Vegas, Nevada. 

4 Requests for reprints should be addressed to Frank 
E. Spclzer, M.D., Department of Physiology, Harvard 
School of Public Health, 66* Huntington Ave„ Boston, 
Man. 02115. 
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of NO, 4 times greater in kitchens of households 
with gas stoves than in those with electric stoves 
(5). The NO, appears to be produced by the oxi¬ 
dation of NO when natural gas as a fuel for cook' 
mg is burned in the atmosphere. The conversion is 
rapid, and the NO, spreads quickly throughout 
the house. In contrast to the Metia study of chil¬ 
dren (2), a study of adult women living and work¬ 
ing in households with gas stoves compared with 
those living and working in households with elec¬ 
tric stoves did not show increased respiratory dis¬ 
ease rates (3). 

The results reported here were obtained as part 
of a long-range prospective study on the health ef¬ 
fects of exposure to ambient levels of pollutants 
resulting from the burning of fossil fuels. In this 
study, adults between the ages of 23 and 74, se¬ 
lected at random from 6 communities in the east¬ 
ern United States, arc seen every 3 years, and 
school childicn (initially seen in grades I and 2) 
arc seen annually. This report is based on the ini¬ 
tial measurements of pulmonary function and in¬ 
formation on respiratory diseases obtained in the 
children only in the 6 cities and relates these mea¬ 
surements to the potential indoor exposure that 
these children have received. 

Methods 

Study A total of 9,280 children participated In 

the initial surveys, These children represented 12 sepa¬ 
rate cohorti from 6 cities. Two cities were surveyed for 3 
years, and a new group of first-grade school children 
was added each year. Thus, these cities provided 6 co¬ 
horts. Two cities were surveyed for 2 years giving 4 
more cohorts, and 2 cities were surveyed once. In all the 
cohorts, more than 95 * of the children eligible because 
of their school grade were studied. 

Information about the children’s exposure was ob¬ 
tained from a questionnaire, completed by their 
parents, on the type of home-cooking device and home- 
heating fuel, the presence or absence of air condition¬ 
ing. and the presence or absence of adult smokers living 
in the household, as well as requesting permission to 
perform lung function tests on the children In the 
schools. 

Forced expiratory measurements were performed 
using a water-filled low-inertia recording spirometer. 
The children did not wear nose clips and performed the 
task in a sitting position, but with free movement possi¬ 
ble. Fach child had a minimum of 5 and a maximum of 
ft aitrmpis in an effort to obtain at least 3 acceptable 
tracings. Forced vital capacity (FVC) and forced expira¬ 
tory volume In I second (FEV.) were read from each 
tracing. Values were corrected to body temperature and 
pressure saturated with water vapor (am) and sum¬ 
marized as the mean of the 3 best efforts that were 
within 170 ml of each other. Standing height tn stock¬ 
inged feet and weight were recorded for each child. 


There were 8.SM children (95.5 S of the total seen) 
who were belween 6 yrs and 10 yrs of age at the lime of 
their initial survey, but the sample was reduced to g.120 
children by limiting the analyses to white children. 

For each child included in the study, the lung function 
predicted for his or her height was computed from a re¬ 
gression equation determined by using the children 
studied in the third year of follow-up from 2 of the 
cities. These children, who were all within the 5 to W 
percentiles for their height corrected for age, were 
chosen for the standard as they provided sufficient 
numbers at each year of age between 6 yrs and 10 yrs 
(6). The difference between the observed lung function 
and the predicted value was obtained. These residuals 
were ana tyred using standard analysis of variance 
techniques. 

The reported disease rates were analyzed using log- 
linear models. By this means it was possible to deter¬ 
mine significant interactions between disease, age, sex. 
cohort, city, and home variables. Art justed rates were 
computed based on models that included the significant 
interactions (7). 

Information regarding the differences in air quality 
associated with different cooking devices was obtained 
by setting up indoor-outdoor monitors in selected 
households. These household! were not necessarily the 
homes of children in the study, but were selected to be 
representative of the kinds of living patterns found in 
each community. The homes were sampled every sixth 
day for 24 h, and the same time period in each city. May 
1977 through April 197S, was used In all analyses. Mea¬ 
surements were carried out by a household sampling 
unit, which was placed In an "activity room," a room 
specifically defined at not being the kitchen or bed¬ 
room. Mass respirable particulates (man median diame¬ 
ter of 3.5 Mm) were collected on milliporc filters (I), and 
NO, was collected by a bubbler technique and measured 
by the EPA Reference Method, a modified sodium ar- 
senlte method (9). 

The data on air pollution levels were first adjusted to 
take Into account mining values using a linear model 
for day of observation and she. The Influence of home 
variables was determined by analysis of variance, with 
appropriate adjustment of the residual degrees of free¬ 
dom. In one household, instantaneous peak levels of 
NO* were monitored in the kitchen within 3 feet of a gas 
stove using a chemiluminescence monitor and a continu¬ 
ous recording. 

ftaaulta 

Assessment of exposure to NO,. About half of the 
homes in all 6 cities had gas cooking stoves, and 
about half had ctcciric cooking stoves. (Six of 
the homes used some other form of cooking de¬ 
vice, alone or in conjunction with gas and/or elec¬ 
tricity |1.9 ft], or else the type of cooking device 
was not reported |4.l ft).) There were, however, 
considerable differences between cities (figure I). 
The distribution of the children by home cooking 
device ranged from a high of 82.2 ft gas cooking 




Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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Fit. I. Pcrcenttge of homes with |«s or electric stoves, by cities. 


stoves in St. Louis to a low of 4.6 % in Kingston* 
Harriman (figure I). 

Although the number of homes where air qual* 
ity measurements were made is not large, ranging 
between 5 and 11 for different cities, the number 
of 24-h periods for which matched indoor and 
outdoor data are available is several hundred (ta¬ 
ble I). The homes were divided between gas and 
electric cooking devices, except for Kingston-Har* 
riman where no homes with gas stoves were 
studied. The results show a gradient of NO# levels 
in homes with electric stoves that reflect outdoor 
sources of NO,. High concentrations in Water- 
town were presumed to be caused by the proxim¬ 
ity of homes, and therefore the monitors, to auto¬ 
mobile traffic. A substantial increase in NOj levels 
in homes with gas stoves, except for Steubenville, 
reflects the addition of indoor sources to the out¬ 
door level of NO,. These arc 24-h integrated aver¬ 
ages collected in an “activity room/' but not in 
the kitchen. In some cities the daily 24-h levels en¬ 
countered in some households with gas stoves ex¬ 
ceeded the federal standard for the annual average 
of the 24-h NO, levels (100 Mg/m‘). Such levels for 
integrated 24*h values indicated that peuk expo¬ 
sures must he substantially higher. This was con¬ 
firmed in I household in which instantaneous 
monitoring in the kitchen produced peak levels 
over 1,100 pg/nt 1 for short periods of time when 
the oven was in use and peaks over 500 yg/m' 
when a single gas burner was on (figure 2). 

Health data . Two sets of data on the children** 


health were available: data on previous illnesses 
reported on questionnaires completed by parents, 
und data from the current pulmonary function 
tests. The response*.to 3 questions about the pre¬ 
vious health of the children were analyzed., The 
questions asked if there w as a history of bronchi¬ 
tis diagnosed by a physician, a history of serious 
respiratory disease before age 2, and a history of a 
respiratory illness in the last year. 

Doth the responses to these questions and the 
pulmonary function measurements were tested for 
their relationship to several household variables: 
type of cooking device, nature of fuel used for 
heating, presence of adult smokers, presence of 
air conditioning, and socio-economic status of the 
family. Socio-economic status included both oc¬ 
cupation and educational attainment of the 
parents. 

The 3 reported disease rates were analyzed by 
fitting log-linear models (7). Two of the variables, 
type of home-heating fuel and air conditioning, 
were not rcloted to the disease rotes. The social 
class, parental smoking, and type of cooking 
stove variables had differing effects on the 3 dis¬ 
eases when each home variable was tested alone 
(table 2). As the risk factors thcmvlvcs were inter¬ 
related, each discon- was evaluated in another log- 
linenr analysis that included these 3 home vari¬ 
ables .simultaneously. In this multivariate oimlysts, 
the effect of the type of cooking stove hod a sig¬ 
nificant association with respiratory disease be¬ 
fore age 2, but not with the other 2 reported dis- 


Source: https://www.industrydocumeruOcsfTedu/docs7zsyxbo6o 
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TABLE 1 

INDOOR AND OUTDOOR 24 H LEVELS OE NO, IN 6 U S CITIES 
(MAY 1977 TO APRIL 197B> 

Home Geomatnc Mean L»v«l Of NO, 95 Parctntite Measured Laval ol NO, 

Cooking ^m*) (^g/myl 

Unit* - ■ - ' -- 

Ei ec . Outdoor indoor Outdoor Indoor 


Day* Inc Oat 


C»ly 

(W.) 

(no) 

i»«i 

Electric 

On 

Statute 

Oil 

Itaenie 

0*1 

Electric 

Oat 

PoOaga* 

so 

a 

3 

77 

(I.SS)t 

59 

(1.10) 

36 

(213) 

147 

0 02) 

31.8 

254 

178 

397 

Topeka 

S7 

6 

t 

177 

075) 

187 

194 

076) 

31.6 

424 

80.7 

41.6 

73.6 

Kmgstorv 

SO 

8 

- 

177 

0 25) 

— 

10.9 

0.43) 


384 

- 

298 

- 

St Lout* 

sa 

3 

8 

330 

(117) 

37.3 
<1 14) 

17.1 
(2 01) 

406 

0.42) 

64.3 

709 

637 

797 

Steubanvui* 

ei 

2 

3 

35 7 

o-ooi 

333 

0-35) 

21.9 

(259) 

274 

(224) 

62.9 

677 

745 

103.9 

WateMown 

59 

2 

S 

49.1 

(M2) 

497 
0-10) 

41.43 

014) 

547 

0-21) 

1018 

1083 

957 

1167 


' cu%»4 0A 10 month 
f r#d*ii 24 H itAAtfAfO . 100 ppm* 

I Nu«n6#^ft in o*rtnih#»«t at# geometric standard deviation* 


caves (table }). Parcniat smoking, sex of the child/ 
ami city-cohort, hut riot age at the time of report/ 
inf. weir also associated with respiratory disease 
before age 2 when other variables were taken Inin 
account. Disease rales adjusted for parental 
smoking. social class, and city-cohort resulted in a 
difference of 35'/1.000 among males and J0/| ,000 
aiming females between children in homes with 
dilleieni cooking stoves. I own rates were found 
hi children of households with electric stoves for 
each sex in each city-coliorl adjusted for parental 
smoking and social class (figure 3). The effects of 
parental smoking and city-cohort on respiratory 
disease before age 2 are not independent, but the 


effect of the type of cooking Move appeared to be 
rclnlcd lo the other home variables. 

To assess the effect of home factors on pulmo¬ 
nary* function in these children, the difference be¬ 
tween the expected and observed FVC and FFV, 
was calculated for each child. The effect of cohort 
(yr of study and city) and the same home variables 
on the residual pulmonary function were assessed 
by analysts of vatiancc. Preliminary regression of 
lung function on socio-economic status showed 
no relationship. There was a significant effect (p 
< .01) of cohort on both FliV, and FVC. Thus, 
from city to city and from year lo year these were 
differences in the height-adjuued pulmonary 


Otw Oim »ll 



1 ? Imt.muiirom monitoring of NO, in the kitchen I meter from gas stove. Numbers along the 

.0*^ iv\a represent l»s in thr il.iv through t A.M. No venting wav used 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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TABLE 2 


SINGLE FACTOR ODD RATIOS (OR) AND 95% CONFIDENCE LIMITS (CL) 
FOR HOME VARIABLES AND REPORTED DISEASE RATES 




. SoctalCMM 

' ImMAM . 

avvntal 

•muting 

, Horn* Cooking 

Hlilery o) tfoetof- 

Ofl 




di»Qnosed bronchitis 

CL 

DS-1.09 


.79-0*1 

Serious respiratory 

OR 

its 

u* 

lit 

Illness before apt 2 

CL 

1.01-1.26 

1.1M37 

1D0-US 

Respiratory Ulnesi In th# 

OR 

1.13 

lit 

094 

last ytar 

CL 

1D6-1.W 


M- US 


function levels in these children, after adjusting 
for city-cohort effects. There were no significant 
;oNOCianoit\ between the presence of air condi¬ 
tioning in the home and lung function measure¬ 
ments (table 4). Although the association between 
parental smoking and FVC was significant at the S 
Vi level, with an average range of 15 ml, the result 
was the opposite of that anticipated, and there 
was no association between FEV, and parental 
smoking. Home heating and FEW residuals were 
also significantly associated at the 5 Vi level. The 
over-all means covered a 28*ml range and the or¬ 
dering from low to high was oil* gas, electric. 

Although l : UW residuals were affected by 
home heating fuels, the most consistent and sig¬ 
nificant finding was the lower levels of both FVC 
and FEW in children whose homes had gas cook¬ 
ing stoves compared with those whose homes had 
electric stoves. The over-all effect of home cook¬ 
ing, after correcting for cohort effect, was 16 ml 
and 18 ml, respectively, for FEW and FVC. This 
effect is apparent in almost all the cohorts. For 
FEW in 10 of 12 cohorts, the children in homes 
with gus stoves had lower function than children 
in homes with electric stoves (figure 4). For FVC, 
only I of the cohorts (St. Louts, first year), did 
not show lower levels of pulmonary function in 
children living in homes with gas stoves compared 
with iIuhc- living in homes with electric stoves 
(figure 4). An unexpected finding in these data 


was the low level of pulmonary function measured 
in Topeka, which is a city with generally lower 
levels ot ambient pollution. In an attempt to 
investigate this finding, we tested the effect ot dif¬ 
ferent interviewers, we reread the spirometer trac¬ 
ings to test the effect of readers, and we compared 
the values obtained on each spirometer by month 
of study to test the possibility of a defective ma¬ 
chine. None of these tests explained the lower pul¬ 
monary function values. In addition, the distribu¬ 
tion of height for age of the children in Topeka 
did not differ significantly from the other cities. 
We were thus left with the observation that the 
pulmonary function measurements in the children 
in Topeka were lower than in other cities and 
must assume that It was a cohort effect needing 
further study. 

Discussion 

The significant associations found in this analysis 
were between home cooking stoves and both ill¬ 
ness history and lung function. I* addition* the re£ 
was an Association between parental smoking lip 
disease HistoryTThc importance of these findings 
rests with the interpretations of these significant, 
albeit relatively small, changes. Sufficiently targe 
groups are being studied to observe minor dif¬ 
ferences between them. T he m/c of the differences 
found wav consistent with the anticipated tuagni- 


TABLE 3 

VALUES OF G** FOR SPECIFIED DISEASE RATES FOR EACH HOME VARIABLE 
AFTER ADJUSTING FOR THE OTHER TWO HOME VARIABLES 

Soct*1 Class Peienui Smoking Home Cooking 



G* 

P 

O* 

P 

G* 

P 

History ot doctor dug nosed bronchitis 

070 

NS 

1.10 

NS 

190 

NS 

Serious respiratory Mines* belore sQe 2 

4 12 

<05 

10.21 

<01 

670 

<01 

Respirstpfy illness in the last year 

2.12 

NS 

438 

<05 

0.14 

NS 


* * tifcthrtfxv) tUbfttic dvfivrO itom tt>« log «nd it o -.tnbuttd. in ••cheat* lit* •chi 

% .,1 Mrriln'ni 
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Ft#. 3. Respiratory Illness before age 2 standardized for parental smoking and social data by cohorts tft r 

children 6 to 10 yts old. Male* and female* teparatety by cohort and gas or electric Mom. ; 

x 


titdc of effect of environmental agent* (II), and ported to reach approximately I ppm (1.M0 

the home measurement* of air quality are *uppor- |ig/m') for period* of 10 lo 15 min. Thi* wa* con* 

nvc. firmed in I household during continuous moni* 

The evidence that home* with gas cooking toring. Similarly we know from both our own in¬ 
stove* have higher levels of NO ( than similar vestigation and from the studies of Hinds and 

homes with electric Moves has been demonstrated associates (1 2| that the mass respirable particulate 

a number of time* (4. 5). and peak levels mca- hvtds in households with smokers can be several- 

sured over gas stoves have on occasion been re- fold higher than in nonsmoking households. 


TABLE 4 

ANALYSIS OF VARIANCE OF CHILDREN'S LUNO FUNCTION FOR HOME VARIABLES 

(City-COHORT adjusted)* 





Lung Function Reeidualft 



Children 

FEV. 


FVC 


Mom* Variable 

<« 0) 

W* 

F Ratio 


F Ratio 

Cooking fuel 

6,003 

_ 

— 

— 

— 


3.274 

-.006 

a vit 

-.009 

7 041 

electric 

3.529 

4 006 

4-000 

Home fuel 

6,734 





Oil 

1,419 

-.011 


- 005 


0« 

4,432 

4.001 

3.26* 

-.005 

076 

electric 

663 

4.017 


4.010 


Air conditioning 

7,126 

— 


— 


none 

2.653 

-.001 


- 002 


pert l*t 

2,363 

♦ .003 

061 

♦ 006 

I2t 

central 

1,006 

-.003 


-.004 


Parental amoMng 

5.642 

— 


— 


notw 

1.724 

-001 

0J 

* on 

e?e* 

some 

4,116 

4 ooc 

♦ 004 


* IniHm clFlmmonof cohoMl IftfQett CQNyl Hof*# mnab* tnl**»chO« t»rm|g«v« f latiPOf 

1 .V *01 HQmUcftM 

* p * 01 

1 |» • 0*> 
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Fig. 4. Forced expiratory volume In 1 1 and forced vital 
capacity iedduaK by cohort and gai and ckclric stoves In 
children 6 to 10 m old. (Numbers under the FEV, values 
are the same for FVC values.) 


Other factors affecting the association between 
the disease and either the presence of gas stoves or 
smoking in the household seem to have been ex¬ 
cluded (e g., socio-econontic stains, presence of 
air conditioning, and the type of heating fuel). 

In considering the importance of these findings, 
a number of potential sources of bias must be 
evaluated. The questionnaire information on 
disease rales for nn individual child depends on 
the recall ability of the parents, and it may be 
biased by the present status of the child. The 
responses also may be biased by the parents’ lack 
ot knowledge. No attempt wax made to have doc¬ 
tor confirmation of diagnosed disease confirmed 
independently. It seems unlikely, however, that 
any biases, introduced by these means would be 
(elated to the type ol home cooking stove consis¬ 
tently lot each city and each cohoit. 

I Ik* good i espouse tale, ami the sat***iiing plan 
that envtncs that all potentially available children 
arc seen means that the samples are representative 
of the cities. 

flic pulmonary function data ore potentially 
subject to different sources of bias than the ques¬ 
tionnaire data. These include possible interviewer 
bias, malfunctioning machine, ami biased reading 
ol the spuoinetci Having. All these sources of bias 
have beeir-looked tin and have mu been loinul. In 


any case, neither the field serrentrs nor the 
readers were aware of the individual child’s home 
environment when the spirometry was performed 
or when the tracings were read. Thus, we cannot 
attribute any bias to association with home vari¬ 
ables, 

Essentially, the interpretation of the pulmonary 
function finding relates to the sensitivity of the 
measurement and the biologic expectation of the 
magnitude of anticipated effect in a group of chil¬ 
dren between 6 yrs and 10 yrs of age. Wc used 
FT: V, ax a measure of air flow obstruction in these 
children, not because we believed it to be the best 
measure of early obstruction, but because our 
plan is to follow these children over several years. 
After several years they will be at a point at which 
a stable estimate of change in pulmonary’ function 
can be related to our understanding of the devel¬ 
opment of adult obstructive airways disease. In 
these children, many of whom can empty their en¬ 
tire FVC in less than 2 s, the FEV, does not mea¬ 
sure obstruction as much as it measures FVC. 
Thus, it is reassuring to find similar changes in 
both measures when trying «o understand the sig¬ 
nificance of any given finding. 

Our understanding of the biology of lung 
growth and the nature of the onset of obstructive 
lung disease in adult life lead us to believe that 
only minor difference in the rate of functioning 
lung growth in young children could lead to these 
children not rcuching their full adult lung si/c. 
(We are using FVC as u etude indicator of lung 
si/c recognizing that the TI C includes not only 
FVC but also the residual volume, which is not be¬ 
ing measured in these field studies.) Wc do not 
know whether failure to reach full adult lung size 
is related to the subsequent susceptibility of devel¬ 
oping obstructive lung disease, but it is not an 
untenable hypothesis that those persons with 
minor impairment of total long growth arc more 
susceptible to rapid decline in pulmonary function 
In adult life (13). 

These results differed from those reported in 
the literaiuic to date only in modest wavs. The 
findings ol Ntcha and so-workers (2) regarding 
lower lespnatoiy tract illness tares in cluUltcn 
whose homes have gas stoves were similar., I bat 
study was ctilici/ed because it did not base smok¬ 
ing data. In this study the adjustment of rates of 
illness before age 2 for smoking led to a clear 
association with gas cooking devices; however, 
the adjustment of theoilici 2 historical disease in¬ 
dicators reduced the associations found. The 
study of Kellci and associates (14) of both adults 
and children m a selected sample of households 
suggest no as.fciation of gas stoves with icspiia- 
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tury disease tales. Thivstudy measured incidence 
of acme respiratory disease over the course of I 
year; but the number of children studied was quite 
small and clearly did not represent a genera! popu¬ 
lation Boiihuys and co-workers (15) did study 
population-based samples of children and adults, 
but out of the 7,0tX> persons studied only 165 
children between the apes of 7 yrs and 14 yrs were 
included from the 2 communities under investiga¬ 
tion (16). Thus, the fact that they were unable to 
find an association with home cooking devices 
may be attributed to the small number studied. 

Taper and associates (17), using a different indi¬ 
cator of airways obstruction (mid-maximum ex¬ 
piratory flow)’,, found an association between the 
pulmonary function levels in children and the 
number of smokers in. the household. No such 
association using MiV, was found in this study. 
This may mean that the airways obstruction 
measurement: was insensitive. 

Further follow-up of these cohorts are under¬ 
way. Because these data deal with retrospective in¬ 
formation. the initial findings reported here need 
replication to ensure that some subtle bias or 
alternative -explanation' for the findings has not 
been ose.tlooked. If the relative position of these 
child ret vs lung si/cs changes on repeated assess¬ 
ment, it will be important to assess the factors that 
influence the change. These (actors may include 
changes in ambient pollution (outdoor levels) or 
changes in personal pollution (indoor exposures 
and cigarette smoking). In addition, other per¬ 
sonal factors such as frequency of respiratory in¬ 
fections; familial history of disease, or other 
teeogm/ed potential tisk factors for developing 
chronic obstructive respiratory disease not dis¬ 
cussed in this report will need to be considered. 
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Lebowitz, M.D., Armet, D.B., Knudson, R. "The Effect Of Passive 
Smoking On Pulmonary Function In Children" Environment 
International 8: 371-373, 1982. 

The authors of this study conducted an investigation of 
ventilatory function in 344 nuclear families in a representative 
population sample in Tucson, Arizona. Household aggregation of 
body mass was investigated as a possible confounding factor in the 
reported association between impaired lung function and parental 
smoking. The authors report that "when household aggregation of 
body mass was taken into account, there was no relationship of 
children's pulmonary function values to parental smoking." The 
study concludes with the statement that "[i]t must be concluded 
that passive smoking in the family, usually due to parental smoking 
habits, does not seriously affect permanent markers of respiratory 
disease such as pulmonary function." 
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THE EFFECT OF PASSIVE SMOKING ON 
PULMONARY FUNCTION IN CHILDREN 


Michael D. Lebowitz, David B. Armet. and Ronald Knudson 

gotten ot Respiratory Science*. Westend Reeeerc* Laboratories. Among Health Science* Cantor. 

Tucion. Arizona *5724, USA 


g study of ventilatory function wmt conducted in 344 nuclear families fat a representative community 
population sample in Tucson. AZ. Household aggregation of pulmonary function, which is dependent on 
tousthold aggregation of body mass, mighi affect the relationship of children's pulmonary function to 
parental smoking. When household aggregation of body mass was taken into account, there was no rtla* 
tmship of children's pulmonary function values to parental smoking. The trend, fat the opposite direc¬ 
tion, was simitar to that found by Speizer et */. (198Da) t but was not significant fat this study, h must be 
concluded that passive smoking in the family* usually due to parental smoking habiu, does not seriously 
affect permanent markers of respiratory disease such as pulmonary function. 


Introduction 

There has been some controversy surrounding the issue 
of whether passive smoking in households effects the 
respiratory health of children (NRC, 1981). Some in¬ 
vestigators have reported that childhood symptom rates 
appear related to parental smoking, whereas others dis¬ 
agree. However, H is better to utilize pulmonary func¬ 
tion to determine this effect, inasmuch as symptom 
reporting may show tendencies for parental biases 
(Cederlof and Colley, 1974; Lebowitz and Burrows, 
1976; Schilling et a/., 1977). One study by Tager et at. 
(1979) showed the effect of parental smoking on FEV, 
utilizing Z scores. A similar analysis from the same 
laboratory in six other, different populations (Speizer 
eta!., 1980a) showed opposite results. Tager et et. 
(1976) also showed that there was household aggrega¬ 
tion of pulmonary function values, which might influ¬ 
ence such a relationship.*Zhb study has demonstrated 
die relationship oT active smoking to ventilatory impair- 
t«ent (Knudson et at., 1976; Burrows cf*/., 1977), as 
'has been found by others. ’ 

This paper attempts to examine the effects of paren¬ 
tal smoking on children’s pulmonary flow and volumes 
after correcting for any familial aggregation of ven¬ 
tilatory function and body size. 

Methods 

The Tucson Epidemiological Study of Airways Ob¬ 
structive Diseases, which provided the data base for 


these analyses, has been described previously (Lebowitz 
et u/., 1975). Briefly, it is a multistage stratified cluster 
sample of white non-Mexican-Americans in the Tucson 
area, where stratification was on age of head of house¬ 
hold and on social status. Of the 1655 families studied 
(approximately 3800 individuals), families with children 
biolopcally related to the parents were chosen; these 
represented 344 households and about one-half of the 
population (1400). In the first year of this study 
(1972-1973), pulmonary function tests had been 
satisfactorily completed on over 90ft of those age 6 and 
over using techniques previously described (Knudson 
et at ., 1976). Smoking habiu in adults have been de¬ 
scribed previously (Buitows et at., 1977); they arc 
similar to those found elsewhere and cover the whole 
range of amount and duration of smoking. 

These nuclear families were divided also into parent- 
child, spouse, and sibling pairs, the former using oldest 
children, by sex. Z scores [standard normal deviates 
Z, »(*</- ])/$}, for i individuals and j age-sex 
groups] were calculated for forced vital capacity (FVQ, 
forced expiratory volume in one second (FEV,), maxi¬ 
mum flow at 50ft of the vital capacity (Kg&), and 
maximum flow at 75ft of the expired vital capacity 
( Vm) t within each sex-age group represented in the 
parent-child pairs. The Z scores were used in analyses 
of variance to correct for genetic components of body 
mass in pulmonary function parameters and to detect 
relationships between parental smoking and children's 
pulmonary function. 


371 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 


2023510161 



I 

J72 

Most houses in this study, as determined by survey, 
are 1800-2400 ft 1 , not more than 20 years old, have 
typical 8 ft ceilings, have screened windows, and have 
central heating and air cooling (usually with niters for 
both systems). They are kept relatively closed in summer 
and winter, but are somewhat more open in spring and 
fall. Air exchange rates have not been measured in this 
study, but are estimated using published information 
(NRC, 1981) at between 0.4 and 2.0 per hour, depend¬ 
ing on season and use of forced air systems. Indoor 
pollutant levels were not measured in all of these houses 
as part of this study. Infiltration of suspended par¬ 
ticulate has been measured in about 4] houses (Lebo- 
wiu el a!., 1982) and is low, though indoor generations 
is not. Carbon monoxide (CO) indoors and out has 
been also measured (Lebowitz el ol., 1982) and are low 
as well. The use of types of stoves has been measured in 
only some families (Lebowitz el al., 1982). Outdoor 
levels of particulate alone are high in this area, but it is a 
silica quartz particulate. Nitrogen dioxide and CO are 
variable, but not in excess of NAAQS (Pima County, 
1981). 

Results 

it was found that there was a household aggregation 
Hof pulmonary function values and of body size. Body 
size is the key determinant of ventilatory function values 
(Knudson ei a!., 1976). When the household aggrega¬ 
tion of body size was corrected, there was no household 
aggregation of pulmonary function that was still signifi¬ 
cant. Therefore, all pulmonary function values were ex¬ 
pressed as percent predicted where the children’s predic¬ 
tion equations .use their own body size values, their age, 
and the body size values of their parents. Body size 
values used included height, weight, sitting height, and 
the ponderal index (H/W 1/3). Parents’ pulmonary 


M. D. Lcbowiu. D. B. Aram, and R. Kudue 

function values were expressed as percent predicted, 
where the prediction equations used their body sue 
values and their ages. Z scores were then calrni^ 
from these percent-predicted values for the age and sex 
groups (see above). 

^Analyses of p ar ent-c h ild. Spouse, tfnd sibling pairs 
ftp the smoking habits of the family members did aot 
<*-ohow any significant correlations of passive smoking 
fsrith pulmonary function. This was true whether chil¬ 
dren’s smoking or not smoking was accounted for, and 
was also true regardless of whether the parents had ait- 
way obstructive disease or abnormal pulmonary func¬ 
tion tests. It was also independent of family size. 
Analyses of variance were performed for the children's 
pulmonary function test values by smoking in the 
household, by whether both parents smoked, or 
whether the mother smoked, father smoked, or neither. 
The total number of nuclear families was reduced to 271 
when both parents and all the children age 6 and over in 
the household had satisfactory pulmonary function data. 
As can be seen in Table 1, none of the results were 
statistically significant. Analysis by amount of parental 
smoking yielded similar results. 

In subsequent years of this study, further symptom 
information and history was collected. Analysis of these 
data in relation to passive smoking, using previous 
methods (Lebowitz and Burrows, 1976), indicated ao 
relation to present or past symptoms, including persis¬ 
tent wheeze or early childhood lower respiratory tract 
illness. Further analysis awaits collection of more kmp- 
tudinal ventilatory function measurements on the chil¬ 
dren. 

Discussion 

The effects of similar pollutants (specifically N0>. 
CO) from the use of gas stoves on children's and adults’ 


Table 1. Children's pulmonary function by parental Rooking In nuclear families. 


FEV, (Z-acore)* FVC (Z-scort) 


Parental Smoking 


n 

Mean 

SD** 

Mean 

SD 


Neither smoko 


41 

-0.121 

0.993 

-0.062 

0.997 


Mother smoko 


35 

-0.157 

0.02 

-0.157 

0.925 


Father smoko 


92 

-0.042 

0.970 

-0.059 

0.913 


Both smoke 


96 

+0.232 

1-059 

+0.116 

14)62 



Total 

xn 

0.026 

0.996 

0.011 

0.968 


ANOVA: 



p » 0.0796 


p m 0.1796 






(Z-scort) 

t Z-scort) 

JO 

Neither cnoko 


41 

-0.160 

1.194 

-0.075 

1.05# 

o 

Mother smoko 


35 

-0.147 

0.148 

+0.004 

0.664 

JO 

Father snoko 


92 

-0.174 

0.945 

-0.173 

1.011 

f 4 

Both smoke 


96 

+0.150 

0.965 

+0.302 

0.972 

jfp 


Total 

2)1 

—0.0002 

0.996 

-0.0001 

0.998 

pi 

ANOVA: 



pm 0.2443 


P • 0 .072 




•See text for explanation. 
••SO ■ standard deviation. 


ft 
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Effects oLpassm smoking on children 

symptoms »d pulmonary function were explored sep¬ 
arately, inasmuch as previous studies indicate such 
potential effects (Speizer et ci., 1980b; Comstock et al. 
1981). In a substudy, gas stove use was related to acute 
symptoms only. Analysis in relation to chronic lung 
disease and ventilatory function had been performed on 
the total population of 1655 families; gas stove usage 
was not related to these measures of disease (Lebowitz, 
1977). In that same study, it was shown that ambient 
outdoor paniculate matter was slightly related to those 
measures of disease, but household size and type of 
house were not (after controlling for socioeconomic 
status). Socioeconomic status has little independent 
contribution to pulmonary function (or disease) once 
more important factors are considered, such as active 
smoking (Lebowiiz, 1982). Thus, these other factors 
were not pan of the analyses reported herein* 

It is possible that correction for family body size con¬ 
cordance is not always necessary (Schilling et o/., 1977; 
Speizer et o/., 1980a, 1980b). The presence of persistent 
symptoms, such as wheeze, may be important in some 
populations (Weiss et al t 1980), but were not in this 
population. However, consideration of fuel used for 
heating and cooking is necessary, especially when pas¬ 
sive smoke appears important (Speizer et a!. t 1980a, 
1980b); Comstock et a /., 1981; NRC, 1981). Results, 
especially in lower socioeconomic classes or in develop¬ 
ing countries, could be misleading otherwise. On the 
other hand, there stiH may be an effect of passive smok¬ 
ing, even when accounting for other expostms^in some 
circumstances and/or some coromunhi^ depa^ent on 
cnvfromnenta] circumstances) home ventilation factors, 
and social class. 

A more extensive discussion of these factors and their 
interactions can be found in the National Research 
Council report (1981) and in an editorial by Frank and 
Lebowitz (1981). 

A ckno wiedfrmtnt —This wort wit supported by NHLB1 SCO* 
Oram No. HU4136. 
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National Institutes of Health, "Report of Workshop on Respiratory 
Effects of Involuntary Smoke Exposure: Epidemiological Studies", 
December 1983, pp. 1-11. 

SUMMARY: The 1979 Surgeon General's Report on smoking and health 
presented the available scientific evidence that links involuntary 
cigarette smoke exposure (passive smoking) to adverse health 
effects. Existing evidence suggests that children of parents who 
smoke have more bronchitis and pneumonia during the first year of 
life and that acute respiratory disease accounts for a higher number 
of restricted activity days and bed disability days in children 
whose families smoked than in those whose families did not. In 
adults, small airway function impairment equivalent to that observed 
in light smokers has been reported in adults who had never smoked 
or, lived with smokers but were only exposed to cigarette smoke in 
the work place. Results such as these need to be confirmed and 
validated. A number of studies involving large population groups 
are presently addressing the question of the effect of passive 
smoking on the respiratory system. However, these studies which 
are being carried out by at least three different groups, are 
employing different populations and methodologies and have led to 
varying conclusions. 

An important goal of this workshop was to provide a common 
forum to these different groups of investigators, along with 
statisticians conversant with this area, so that the various study 
designs and results obtained so far could be reviewed in order to 
identify the probable reasons for differences. Other goals of the 
workshop were to develop guidelines for collection and analysis 
of epidemiologic data on the respiratory effects of passive smoking, 
and to make recommendations for future studies. 

The participants included epidemiologists involved in 
three ongoing population studies of the effect of passive smoking 
on respiratory health, statisticians, and adult and pediatric 
pulmonary physicians. The presentations (see Appendix A for agenda) 
dealt with data from the three groups and methodologic issues 
relating to data collection and statistical analysis, as well as 
results of other relevant studies carried out both in the US and 
other countries. After the first day of formal presentations, the 
workshop participants (see Appendix B for the list of participants) 
were divided into smaller task groups, each of which addressed the 
issues of measuring smoke exposure, outcome variables, confounding 
variables, other statistical issues related to design and analysis, 
and the need for additional studies. The following is a summary 
of the presentations, discussions and recommendations of the task 
groups. 
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FOREWORD 


On May 1-3, 1983, the Division of Lung Diseases, National Heart, Lung, 
and Blood Institute sponsored a Workshop on Respiratory Effects of Involun¬ 
tary Smoke Exposure: Epidemiologic Studies, which was held in Bethesda, 
Maryland. Twenty-one investigators from the fields of epidemiology, statis¬ 
tics, and adult and pediatric pulmonary medicine participated. This report, 
prepared by the workshop chairman, session recorders, and Division of Lung 
Diseases staff, summarizes the presentations and makes recommendations for 
future studies. 


1 
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INTRODUCTION 


The 1979 Surgeon General's Report on smoking and health presented the avail¬ 
able scientific evidence that links involuntary cigarette smoke exposure 
(passive smoking) to adverse health effects. Existing evidence suggests 
that children of parents who smoke have more bronchitis and pneumonia during 
the first year of life and that acute respiratory disease accounts for a 
higher number of restricted activity days and bed disability days in children 
whose families smoked than in those whose families did not. In adults, 
small airway function impairment equivalent to that observed in light smokers 
has been reported in adults who had never smoked or,lived with smokers but 
were only exposed to cigarette smoke in the work place. Results such as 
these need to be confirmed and validated. A number of studies involving 
large population groups are presently addressing the question of the effect 
of passive smoking on the respiratory system. However, these studies which 
are being carried out by at least three different groups, are employing 
different populations and methodologies and have led to varying conclusions. 

An important goal of this workshop was to provide a common forum to these 
different groups of investigators, along with statisticians conversant with 
this area, so that the various study designs and results obtained so far 
could be reviewed in order to identify the probable reasons for differences. 
Other goals of the workshop were to develop guidelines for collection and 
analysis of epidemiologic data on the respiratory effects of passive smoking, 
and to make recommendations for future studies. 

The participants included epidemiologists involved in three ongoing popula¬ 
tion studies of the effect of passive smoking on respiratory health, statis¬ 
ticians, and adult and pediatric pulmonary physicians. The presentations 
(see Appendix A for agenda) dealt with data from the three groups and methodo- 
logic issues relating to data collection and statistical analysis, as well 
as results of other relevant studies carried out both in the US and other 
countries. After the first day of formal presentations, the workshop partici¬ 
pants (see Appendix B for the list of participants) were divided into smaller 
task groups, each of which addressed the issues of measuring smoke exposure, 
outcome variables, confounding variables, other statistical issues related 
to design and analysis, and the need for additional studies. The following 
is a summary of the presentations, discussions and recommendations of the 
task groups. 
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COMMUNITY-BASED STUDIES ON THE PULMONARY EFFECTS OF PASSIVE SMOKING 


Findings from community studies of the effect of passive smoking on the 
respiratory system were summarised. These presentations included data from 
populations in East Boston, Massachusetts, the Six Cities Study, Tucson, 
Arizona, and Tecumseh, Michigan. Although none of these studies were origi¬ 
nally designed to address the question of the effect of passive smoking on 
the respiratory system, all have succeeded in obtaining a considerable 
amount of relevant data. 

The methods of data collection and data analysis are somewhat different from 
group to group, and the results and conclusions of the studies also showed 
differences. All of the studies have been using questionnaires to assess 
exposure and symptom prevalence and, in general, the one second forced 
expiratory volume (FEV.) has been used as the lung function outcome variable 
of interest 

Most of the available data that have been analyzed are cross-sectional in 
nature; longitudinal data from a cohort followed for seven years in East 
Boston, Massachusetts, have been published since the workshop. In the 
cross-sectional community-based population studies, the effect of passive 
smoking; on^iung function varied from none to a very small effect (0 - 3% loss 
in FEV.). In the longitudinal study, a measurable effect on the development 
of pulmonary function was seen in the children with a mother who smoked 
throughout the child's life. Whether this reflects a postnatal effect of 
passive smoking on lung growth and development, an in utero effect or an 
effect on bronchial reactivity such that some individuals exposed to passive 
smoking develop an increase in bronchial reactivity, an increase in mucus in 
the airways, increased susceptibility to lower respiratory tract infection 
or some other <as yet undefined effect is trot yet clear. Better measures of 
exposure, more longitudinal data and more information about bronchial 
reactivity are needed before this can be resolved. Better measures of 
exposure will probably involve biological monitoring, for example, the 
measurement of cotinine in biological fluids such as saliva and urine. The 
size and complexity of the data sets accumulated in these population based 
studies have necessitated the development of new analytical techniques and 
the adaptation of existing techniques to apply to both cross-sectional and 
longitudinal data. 


Ill 

METH0D0L0G1C CONSIDERATIONS 


The relatively small differences in the effects found in the-various studies 
discussed at this workshop may be real and represent true differences among 1 
the various communities studied in the measurable effect of involuntary 
smoke exposure. Such differences may be caused by regional and geographic 
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. variations in levels of indoor air pollution that might result from differ- 

“• ences in housing - (e.g^, well insulated versus poorly insulated houses,) 

and life style (e.g., predominantly indoor living versus predominantly 
# outdoor living.) On the other hand, the differences may also be due to 

methodologic differences in data collection and/or analysis and in the way 
in which potentially confounding variables have been handled. 

The difficulty of controlling for potentially confounding variables was 
recognized. Such variables include: 1) unvented combustion products from 
different kinds of stoves used for both heating and cooking, e.g., gas, wood 
and kerosene, 2) other indoor pollutants such as formaldehyde and respirable 
particulate matter, 3) indoor pollutants of organic origin such as pollens, 
molds, mites, other allergens and infectious organisms, 4) characteristics 
of indoor environments such as temperature, humidity, and frequency of air 
exchanges, 5) socio-economic status, culture (ethnic), and such factors as 
crowding, number of siblings, household conditions, child care, reporting 
biases, etc., 6) demographic and medical characteristics of the study popu¬ 
lation such as age, sex, marital status, the presence of underlying respir¬ 
atory conditions, atopy, infections, disability and/or co-morbidity, 7) 
parental symptoms such as productive cough which will affect reporting, 8) 
maternal smoking during pregnancy, 9) annoyance responses and other psycho¬ 
logical or social responses to tobacco smoking in a nonsmoker. Extensive as 
this list of potentially compounding variables may be, the importance of 
taking them into consideration in the study design and analysis cannot be 
overemphasized. 

Given the complexity and number of the potentially confounding variables, 
the importance of analyzing all the data sets using a common statistical 
approach was recognized. Also, the importance of distinguishing a statisti¬ 
cally significant difference between groups from a clinically significant 
difference was emphasized. In this regard, a small difference (e.g., 1-3% 
in FEV,) in a cross-sectional study between children from homes in which one 
parent A smoked and those from homes in which no one smoked, might be statisti¬ 
cally significant but not be of any clinical significance. On the other 
hand, a 7% difference in rate of increase in FEV. over 7 years observed 
longitudinally may be both statistically and clinically significant. It is 
therefore important to use outcome variables (such as FEVj) which are of 
clinical importance rather than using other lung functionHests which are 
extremely sensitive. Likewise, longitudinal data are generally more useful 
and informative than cross-sectional data. 

Many of the differences among the many population studies which have looked 
at the effect of active and passive smoking on the lung function may be 
attributable to exposure and/or dose. The logistical difficulties in ade¬ 
quately monitoring these variables are recognized as is the need to develop 
techniques which are able to measure the biological burden of tobacco smoke. 
In the future it is likely that considerably less attention will be paid to 
indirect measures of exposure such as area and personal samplers and more, 
attention paid to biological markers of exposure. 
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IV 


CONCLUSIONS OF WORK INS Gt:? :> $ 


A. Study populations 

None of the population studies already under way w&s designed 
specifically to look at the effect of passive smoking on the 
respiratory system. However, if the results from tnese studies 
show consistency, it may be possible to arrive at answers to most 
of the questions about the effects of passive smoking on the 
lungs. Existing data sets should be analyzed ard the results 
compared before any further studies are designed to address this 
question. An exception to this might be for the ape group 0-5 
years for which there is very little existing information or 
planned study because of the difficulties inherent in obtaining 
accurate measures of lung function in tnis age group. Also of 
particular interest are the changes taking place in lung function 
during the transition between the late teen years and early twenties 
and the decline in lung function in early acult life. There is 
presently insufficient information about the possible effect of 
risk factors such as passive smoking i*n this transition phase. 
Another area of particular interest is the occupational setting. 

It may be that passive smoking is more hazardous in certain occu¬ 
pational settings than in others. 

B. Outcome Variables 

The usual measures of outcome that are presently employed are 1) 
some measure of lung function and 2) questionnaire information. 

Every attempt should be made to obtain information in a standard¬ 
ized fashion, (as is presently being done in most of the ongoing 
studies). Since there are differences of opinion as to which 
measure of volume or flow should be regarded as the "best” measure¬ 
ment, it is recommended that the complete flow-volume or volume-time 
curves should be saved. In addition, more attention should be 
paid to obtaining information about airway reactivity since the 
existing evidence suggests that exposure to passive smoking may 
alter an individual's airway reactivity. Also, there is an urgent 
need to develop pulmonary function tests for use in very young 
children (below five years), with particular attention to liming 
these tests with those for older age groups. 

Host groups are presently using the standardized ATS-DLD respiratory 
symptom questionnaire to define symptoms and disease states. It 
should be noted that this questionnaire was developed to delne. 
disease states such as chronic bronchitis and, therefore, «»;;• not 
be entirely suitable to elicit the symptoms associated witb >assive 
smoking. Likewise, the pediatric questionnaire was not developed 
with the idea of identifying symptoms associated with passi.e 
smoking. It is recommended, therefore, that new questions should' 
be designed to add to both the adult and the pediatric question- 
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naires to obtain information, in a standardized fashion, about 
involuntary smoke exposure. 

C. Heasurement of Dose/Exposure 

Lack of proper attention to the estimation or measurement of 
exposure is a major weakness of all the studies carried out so 
far. Direct measurement of exposure to tobacco smoke and other 
combustion products is, at present, too difficult to consider in 
population studies. It is possible, however, to significantly 
improve our estimates of exposure. This can be done by developing 
standardized questions for characterization of indoor sources of 
pollution, including smoking and by using passive monitors to 
estimate average ventilation witnin Duiidings. Probably most 
important is the evaluation of biological monitors, in particular, 
urinary and salivary cotinine levels as indicators of levels of 
exposure to tobacco smoke. 

D. Confounding Variables 

There are many potential confounding variables which must be taken 
into account. Data on these variables are not presently being 
collected uniformly among the studies underway. It is hard to 
recommend any specific strategy with regard to confounders, but it 
must be emphasized that any study which ignores them will be 
seriously flawed. A list of potentially confounding variables is 
provided in Section Ill. 

Atopy is important to measure, but cannot be determined by ques¬ 
tionnaire data. Only skin tests and IgE measurements are appro¬ 
priate at present. The development of a standardized approach to 
measuring the atopic status of an individual should be undertaken. 

E. Other statistical issues in design and analysis 

The investigators agreed that the various study groups should 
attempt to cross validate results using analytic techniques from 
other studies on their own data. Existing statistical methods 
plus the adaptations of existing methods that have been developed 
provide a good starting place. In certain instances new methods 
will still need to be developed. For each study and data set, it 
is important to place confidence limits on the results, evaluate 
them in the light of possible biases specific to that study and 
interpret the results in terms of whether they are clinically and 
biologically meaningful as well as statistically significant. 

F. Additional studies 

The participants concluded that the existing studies and data sets 
should be explored extensively and the results of_ the various 
studies compared in order to sec if an agreement on the effect of’ 
passive smoking on the respiratory system may be reached by the 
various investigators. Following such an analysis, it will probably 
be clear as to whether new studies need to be designed to answer 
specific questions. 
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It nay also be worthwhile to explore other existing data sets 
which may have obtained information about exposure to passive 
smoking such as HRFIT, Framingham, the UK National Birthday study 
(1952), the Japanese (Hirayama) data set and French (Kauffman) 
data sets. 

One area that does need additional study is the development and 
testing of better measures of involuntary smoke exposure, such as 
area and personal air samplers and biological markers of exposure. 
For example, salivary and urinary cotinine levels. These need to 
be non<-invasive. 


V 

RESEARCH RECOMMENDATIONS 


A. Available data 

1. The groups with ongoing studies should be encouraged to use 
common methods of analysis in addition to any methods they 

are already employing. 

% 

2. The use of standardised methods for obtaining questionnaire 
and lung function data should be continued. However, ques¬ 
tionnaires specifically designed to define disease or symptoms 
in ; smokers may not be adequate and new questions capable of 
eliciting more subtle responses are needed. 

3. Where possible, a measure of bronchial reactivity and a 
measure of an individual's atopic status using skin tests and 
serum IgE should be included. 

4:. All possible confounding variables need to be taken into 
account in any analyses. 

5. Measures of exposure such as salivary and urinary cotinine 
ought to be obtained to validate questionnaire results. 

B. New Studies 


1. Additional studies are probably required in young children (below 
five years) to obtain more information about the relationship 
between passive exposure to tobacco smoke and the incidence of 
lower respiratory tract infections, the development of symptoms, 
lung growth and lung function. 

2. Improved methods of measuring exposure to both tobacco smoke and 
other indoor pollutants need to be developed and validated. An 
example of this is the use of salivary and urinary cotinine. 
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SUMMARY AND CONCLUSIONS 


A revie* of the data from the studies which have been carried out or are ini 
progress which address the effect of passive smoking on the respiratory 
system suggests that the effect varies from negligible to quite small, from 
this review, it was not possible to determine whether there is a specific 
group which is at increased risk or what the mechanism of the effect (if 
any) may be. The data sets which already exist and are presently being 
collected are large and complex and, not surprisingly, there are differences, 
although small, in the results, among the data sets discussed at this workshop^ 
These differences may be due to real differences among the populations being 
studied or may be due to methodologic differences that inevitably occur from 
study to study, both in the data collection and analysis. A common approach 
tc the analysis may help to answer this question. It seems likely that the 
existing data sets contain sufficient information to allow some conclusions 
to be reached on the effect of passive smoking on the respiratory system. 

Ne* large scale population studies (of subjects above 5 years of age) should 
probably not be initiated until the existing data sets have been thoroughly 
evaluated. There is, however, an urgent need for the development and ; evalu¬ 
ation of non-invasive biological markers of exposure. 
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APPENDIX A 


DIVISION OF LUNG DISEASES 

WORKSHOP ON RESPIRATORY EFFECTS OF INVOLUNTARY SMOKE EXPOSURE : 

EPIDEMIOLOGIC StUDIES 

Hay 1-3, 1983 

Chairman: Sonia Buist 


Hay 1 
Welcome 

Smoking and Pulmonary Health - Goals of Workshop 
Pulmonary Effects of Passive Smoking 

Hay 2 

COMMUNITY BASED STUDIES ON THE PULMONARY EFFECTS OF 

Passive SMOtuliG 

Moderator: . S. Buist 
Studies from Boston, Massachusetts 


Studies from Tucson, Arizona 


Studies from Ann Arbor, Michigan 


OTHER STUDIES AND METHODOLOGICAL ISSUES 
Moderator: H. Weill 

WHO Studies 

Measurement of Indoor Polution 


S. Hurd 
S. Buist 
C. Rossiter 


1. Tager 
F. Speizer 

S. Weiss 
D. Dockery 
B. Ferris 
B. Rosner 

T. Louis 

B. Burrows 
M. Lebowitz 

L. Taussig 

M. Higgins 

I. Higgins 

J. Keller 
A. Monto 


M. Lebowitz 
Stolwijk 
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Hay 3 

GROUP DISCUSSIONS TO DEVELOP RECOMMENDATIONS 
ON THE FOLLOWING ISSUES 

Exposure Measures 

Outcome Variables 

Confounding Variables 

Other Statistical Issues in Design 
and Analysis 

Additional Studies 

FINAL PRESENTATIONS AND RECOMMENDATIONS 
Moderator: S. Buist 

SUMMARIES OF GROUP DISCUSSIONS 
RECOMMENDATIONS FOR FUTURE RESEARCH 
CONCLUDING REMARKS 
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APPENDIX B 


PARTICIPANTS 


Sonia Buist,M.D. 

Professor of Medicine 
and Physiology 
The Oregon Health Sciences 
University 
School of Medicine 
3161 SW Sam Jackson Park Road 
Portland, OR 97201 

Benjamin Borrows, M.O. 

Professor of Internal Medicine 
Division of Respiratory Sciences 
The University of Arizona Health 
Sciences Center 
1501 North Campbell Avenue 
Tocson, A2 85724 

John E. Diem, Ph.D. 

Professor of Statistics 
Program in Applied Statistics 
Tulane University 
424 Gibson Hall • 

New Orleans, LA 70118 

Douglas Dockery, D.Sc. 

Research Associate 
Department of Physiology 
Building 1, Room 1416 
Harvard School of Public Health 
665 Huntington Avenue 
Boston, MA 02115 

Benjamin Ferris, Jr., M.D. 
Professor of Environmental Health 
and Safety 

Department of Physiology 
Harvard School of Public Health 
665 Huntington Avenue 
Boston, MA 02115 

lan Higgins, M.D. 

Professor of Epidemiology 
University of Michigan 
School of Public Health 
109 Observatory Street 
Ann Arbor, Ml 48109 


Millicent Higgins. M.D., D.P.H. 
Professor of Epidemiology 
University of Michigan 
School of Public Health 
109 Observatory Street 
Ann Arbor, MI 48109 

Jacob Keller, MPH 
Senior Research Associate 
University of Michigan 
School of Public Health 
109 Observatory Street 
Ann Arbor, Ml 48109 

Michael D. Lebowitz, Ph.D. 

Professor of Internal Medicine 
Division of Respiratory Sciences 
The University of Arizona Health 
Sciences Center 
1501 North Campbell Avenue 
Tucson, AZ 85724 

Thomas Louis, Ph.D. 

Associate Professor 
Harvard University 
School of Public Health 
Department of Biostatistics 
677 Huntington Avenue 
Boston, MA 02115 

Arnold S. Monto, M.D. 

Professor of Epidemiology 
University of Michigan 
School of Public Health 
109 Observatory Street 
Ann Arbor, MI 48109 

Bernard Rosner, Ph.0. 

Associate Professor of Preventive 
Medicine and Clinical Epidemiology 
Channing Laboratory 
180 Longwood Avenue 
Boston, MA 02115 
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Charles E. Rossiter 
Clinical Research Center 
Division of Computing and Statistics 
Watford Road, Harrow, Middlesex 
England HA1 3UJ 

Frank E. Speizer, M.D. 

Associate Professor of Medicine 
Harvard Medical School 
Channing Laboratory 
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Boston, MA 02115 

J*n A. J. Stolwijk, Ph.O. 

Chairman, Department of 

Epidemiology and Public Health 
Yale University School of Medicine 
P.0. Box 3333 
60 College Street 
Now Haven, CT 06510 

Ira B. lager, M.D. 

Assistant Professor of Medicine 
Beth Israel Hospital 
330 Brookline Avenue 
Boston, MA 02215 

Lynni M. Taussig, M.D. 

Professor, Department of 
Pediatrics 

The University of Arizona Health 
Sciences Center 
1501 North Campbell Avenue 
Tucson, AZ 85724 


Mike Wall, M.D. 

Assistant Professor of Pediatrics 
Division of Chest Diseases 
The Oregon Health Sciences 
University 
School of Medicine 
3181 SW Sam Jackson Park Road 
Portland, OR 97201 


Hans Weill, M.D. 

Professor of Medicine 
Tulane University School of Medicine 
1700 Perdido Street 
New Orleans, LA 70112 

Scott T. Weiss, M.D., M.S. 

Associate Chief, Pulmonary Unit 
Beth Israel Hospital 
330 Brookline Avenue 
Boston, MA 02215 

Margaret Wu, Ph.D. 

Biometric Research Branch, 

Division of Heart and Vascular 
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Institute 
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Division of Lung Diseases Staff 
National Heart, Lung, and Blood Institute 

Suzanne S. Hurd, Ph.D. 

Acting Director 

J. Sri Ram, Ph.D. 
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Zakir H. Bengali, Ph.D. 
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Ekwo, E.E., Weinberger, M.M. , Lachenbruch, P.A., Huntley, W.H. 
"Relationship of Parental Smoking and Gas Cooking to Respiratory 
Disease in Children" Chest 64: 662-668, 1983. 

SUMMARY: In a survey of 1,355 children six to 12 years of age, the 
risk of hospitalization for respiratory illness among children 
before age two years was increased when gas was used for cooking 
at home (p < 0.001) or at least one of the parents smoked 
(p < 0.02). The occurrence of cough with colds in children was 
also significantly increased when one or both parents smoked 
(p < 0.001). Small but significant increases (p < .05) in the mean 
values of forced expiratory volume at one second, the flow rate of 
75 percent of the forced vital capacity, and the forced expiratory 
flow rate from 25 percent to 75 percent of the vital capacity (FEF 
25-75) were seen after administering inhaled isoproterenol to 
children whose parents smoked (n = 94) but not among children whose 
parents did not smoke (n = 89); this was not seen in association 
with gas cooking. Thus, exposure of children during the first two 
years of life to gas cooking or cigarette smoking appears to be 
associated with an increased risk of hospitalization for respiratory 
illness, and cigarette smoking appears to be associated with a more 
consistent response to inhaled bronchodilator among six - to 12- 
year-old children with no other history of chronic respiratory 
illness. 
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Relationship of Parental Smoking and Gas 
Cooking to Respiratory Disease in Children* .1 

Idem E. tkwo. hi.D.. M PH ; bides M nfcrrgrr, Af.D.. FC.C.E. * ’ 

Peter A Ltir/irribnich, Ph.D.i tsnd IMtfiom H. f/tinrfep, R.R.T 


In • surrey #f IJ55 children wk ft* IS)»ifi •fa**, the rfckd^ 
l mpH » l i ito >i » formpi r* l* r y lli^awio ftK clMt<iTrnbcfo« y 
age turn year* «m mcrensed whenfM «mmrf%jt*oking 
#Irww Ip <§.901) *r M letft nicaflk pmU smoked 
4p <0,051 Uc arcvrrtftcc *T amgh with c«Us in cfcsUrc* 
•bo wr iknibnidy bovturf when omt or bath parent* 
•mUJ <p <9.0011 Small but significant increases (p <.05) 
In thr mean values of farted expiratory volume at one 
second, the How rate at 75 percent of the forced vital 
capacity, and live forced expiratory flow rate from 15 
percent to 75 percent of the vital capacity (FEF25-75) were 


Tj.trental smoking lux been shown to be related to 
^ incnniM/d risk of respiratory illness in children 
during the first war oflife, 1a and to an increased risk of 
morning cough. respiratory infections, and breathless* 
ness among older children. •• Specifically, an increased 
incidence of pneumonia and bronchitis with conse* 
quent hospitalizations lias been reported among in* 
(ants whuse parents smoked com jw red to children 
whose parents did not smoke. 1 Parental smoking also 

For editorial comment sec page 651 

has been reported to increase the risk of persistent 
wheeze* and symptomatic asthma.* In a study of 
British secondary schoolchildren that showed early 
morning cough to be more commonly reported by 
children who smoked, the effect on these smoking 
children of parental smoking appeared to be additive. 4 
A decrease in pulmonary* function measurements also 
has been noted in nonsmoking children whose parents 
smoked.** 

An association has been similarly shown between 
respiratory* illness in children and gas cooking, appar¬ 
ently from increased levels of nitrogen dioxide and 
nitric ozklc in the homes with gas stoves.*** In 
addition, pulmonary function measurements per¬ 
formed in school age children were found to be lower in 
association with the use of gas stoves in the home..** 

The current study was designed to further examine 

•Krmn the Ihtiiwnt U AiiiUiLlurv amt Community INtiutrir* amt 
IVdiatrir Allergy 4iul rnhiMNiar) |)< |urhnrnl fli IVdi* 

atries. «k 1 tlir D^karlmvm lit Itrsmitisr ami timnwiiwniul 
Mrthrmr. The l lits vrsilv til Iowa MrtU il St hoot. l j»v. 

Tint «inL su|>fii»tttnt in pari In (M N» 1015*1 Imh« the 
Climtal lirxraicli!.'enter, In SHI l.iaut HUH AlMilSMU. In List* 
f KimhkUihhi (.rant C 521A awl In dir juhmun County tIAj 

Lung Avv.-uIwhi 

Matiustripi r rented Drirmbrr h, IUS2. revnaw atrptn) |»mc 39. 


aeen after administering inhaled isoproterenol I* children 
whose parents smoked (n - 94) but not among children 
wliose parents did not smoke (n • 99k this was not seen in ^ 
association with gas cooking. Thus. exposure of children^' 
rfuring the first two years of life U gas cooking or cigarette 
'sme ll i n g appears la be associated with an jn mrwt d risk of 
baspjtatttation for respiratory Bines*, and cigarette s mok i n g* 
appears to he associated with a more consiste n t response 
In hale d bro n c h o dil atar among sis* la li* yaa reld childmr 
erith no other history of chronic respiratory ttlnen. 


the relationship of parental smokingaiid gas cooking on 
the occurrence of respiratory* illness and symptoms in 
children from a mid western university community. 
Additionally, we examined the relationship'betwcen 
these environmental exposures and pulmonary func¬ 
tions. 

MtmiODs 

Subject* 

Children. «cr\ ft to 12. who attended primary school in ike low* 
City SilMHtl were cvnijctrU a/trr permiiumi mas oh tamed 

from school admnmtraiors Tbr school district senes a university 
com mum I v Tin; children were thereforr generally (turn middle and 
upp rt social rUui. Participating schools indwilrd approximately XT 
percent of thr 2JXi2 children su to 12 svnrs uf age carolled m the 
school district. CliikJien from thr participating schools were ml 
home with a letter explaining to parent! the purpose d the ttudm. 
the information we were interested in collecting and why The 
parent! were requested to complete a modification of the question- 
aaire developed by the American Thoracic Society |ATS) for the 
Dniuon of Lung Diktat* (DU)) of tiic National Heart. Lung, and 
Blood Institute (the ATS-DLD qoett ion nitre Tand Ui return it to ui 
to a stamped, seif-addrekted envelope. (A copy of the modified 
questionnaire b available on request from the authors ) Two weeks 
DWm! the initial distribution oi the questunmakes to the parents, 
another letter was sent as a reminder to parents whu had Lulcd to 
return a completed questionnaire. 

In order to determine dnon respondent parents and their children 
differed significantly to certain rharactemlm from thine parents 
who had completed the que»iiOMna»rrt_aliout thru children. 2M 
non respondent parenU were raadumlyWlevird and runt* led bv 
telephone by a trained research assistant im»r week* alter thr 
qm-st unmakes were initially wot to ike parents. The parents were 
each read the part»/ lire questnmnairr that related mm*! ilnrvtlv in 
ryurrltr smoking ami respiratory illness hi ensure Uut the «|Hr.. 
I will wrrr imsrfcJ atiirarK, lire prrtitwut ipiestMMivtnMit thr 
«|wes«Mmium- wrrr read atoml esailh ax print ml amJ wttlnwt am 
rLdairaiwn Irv tlir trsrarvk assistant 

tulmonmry t'umium Sh+iurrmrmti 

rwlmunary hmcUm «nrasMrrmrt»u were nl4a«ned limn nq Jnl 


ftowual fiffowq rna Gas Cmmtng « neu^wery Osaasa o» Cnaown if mow ff 
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4rm |4? girb and 41 Imvs) mbtne parents did Ml ftmokt and 94 
cbildrm <52 gir!% am! 42 Unt» who* parents intokcd These 
rtiildrrn wrrt famk**nly vrWtlrd wmiH tallies of nmtknn nwmhert 
fnvu th** rtnkhrn fix wImnd rmnpfetr informs* ion was oltUmed 
wsmc llw* »p*e»t am* wire. .All parents wrrc mptrslrd to Hwlicjtr their 
fwnsrfit for iNiluxuury fomlxm tludie* to he ohuuirtt foxn thrir 
cfcltlrrn. alter »t hjJ pnn aJrd a foil writlm eipUnatam nf ihc 
prxumv fix i4»Uiiihic the mrasurrmenti and the pnxvdiirrt the 
% 4nM mimkl fittkwv ihinng pulmonary funrtiun Iriling. GnimhI was 
•djUmrd (nun 411 (H5 6 p*frmt) of the 4H4 children whose patents 
«ltd mil mm 4( and 596 (91.1 perernt) of the 6VI children whose 
pjcmtk smoked Winn |urenU) smokmf was kept run slant, the 
pmfMirtains adtlukhru who had uuugh with cold, coupch apart from 
o4tl\. ur phlegm with uv apart fnna rulch were not sixndWaittly 
diflrrml for rwiMnitmg parents compared In noocomestlme parents. 
U'r tlwfrtucv k it that mtr samplingprocedure produced a rv|m-senl- 
atne population id children. 

Ovtldrm were eicksW if there «u a history nf r e curren t 
respiratory illness nr if llierr was any history of up|icr nr knwrr 
respiratory mkxiMwi during tin* prior til months. Sjvmwnrtry was 
measured with a fairs full rumor waterless rrsjunmwirr Galrub- 
lams id flic |uramlirs measured were done lie the fairs Dalamal k 
GwM|MHt*r wok dash rahisratum Lung volumes were me asu red by 
w%e nl a plrthyimograph (model StKKth C^anluipnliiHinary liivtru- 
menu) uvmg a 3 l/utund Klmch lemprrature«mtrullcd pneu* 
wnMai.il. with a Ikiw wen racy rat S 1 perrrnl of full scale. 

Each child was instructed in tlie measitrrmenl maneuver and wat 
in w» upright Mltmc pi oat am Kach lest was repealed three In foe 
limes, and the Iwst effort was taken. Fkiw rates and Ux «uhitm*s 
were measures! lu-kxr and five w n al n sulhtsprnl to 1.25 me 
itdsaknl iMifinacrmol ililuird willi 2 ml normal saline mOuInni and 
administered hy an open nebulizer. 

Analysis «/ Data 

Discrete multivariate analvsn *v used In studv the intrraciioiis 
am(uit iatlors.?• In this analysis, maternal and paternal smoking 
and gas conking were treated as independent factors, while the 
freipienoes of various respiraturv symptoms or illness were the 
dependent varuldes The reported prevalence of respiratory symp¬ 
toms ur illnesses were stratified by parental smoking (mother alone, 
farther alone, both parents, either or both parents, neither parent 
■mokes) and by craikmg fuel use Odds ratio was calculated for each 
interaction effect Odds fWUos greater than one indicated that the 
varialde had a higher risk for the children and conversely odds ratios 
of less Own one indicated lower risk. A chi-square analysis was used 
to rtaiinitt- tlie significance of the odds ratio. 

HrgressMM lines were fitted to each of the pulmonary fo net arm 
measurements using tlie Statistical Analysts System (S AS) using tlie 
■tepwisr prunedure. ,T The variables entered in the etpiatum were 


age m years, set. weight (kg), and standing height (cml Lines were 
fitted separately fix children from snu Arne and wumimAing envimn- 
ments. as well as fix values olitained hy iJfolntg these two groups F* 
tests were performed as descriiird bv Tdrter and UWtrtnuu M to 
compart the fit of the hne> obtained fix Values fix children fmm tlie 
two environments and fix the pooled data Faired l-lrsts were used 
to compare the prehronchodilator and povtlxtmcWiLrtor pulmo¬ 
nary functions. 

Results 

Completed questionnaire* were obtained fc>r 1.355 
children, ur 65.7 percent of the children sis to 12 years 
of age in the school district. Of the 1.355 completed 
questionnaires, tlala on parental smoking history was 
complete for 1,135 (54 percent) of the children. In the 
remaining 217 questionnaires, cither maternal or 
paternal or both smoking histories were unrecorded or 
incompletely recorded. Tlie proportion of children 
with incomplete or no parental smoking history wins 
had cough with or apart from colds, congestion or 
bringing up phlegm, or had chronic lung diseases was 
not statistically significantly diflrrcnt from the pnqwr- 
tion of children with parental smoking histories who 
had these symptoms. These questionnaires were elim¬ 
inated in subsequent analysts. Forty-nine percent of 
these children were males, and 51 percent were 
females. Five perernt of the diildren lud established 
diagnoses of chronic respiratory diseases. Two lud 
cystic fibrosis, (me liad pulmonary tulscrculosis. two 
had diagnoses of chronic bronchitis, and 49 had 
asthma. When we compared the 200 randomly se¬ 
lected nonrespondent families to our study popula¬ 
tion, we (bund no statistically significant diflerenees in 
the proportion of parents who smoked at home. The 
proportions of children who had cough with colds, 
cough apart from colds, or who had congestion or 
bringing up phlegm wit}) or apart from colds wrre not 
significantly different among the tw> groups. 

Fifteen percent of the parents completing the ques¬ 
tionnaire indicated they had bronchitis, emphysema, 
asthma, or other chronic respiratory condition. Ufe; 
bund no relationship betwee n the report of chronic 
respiratory tilncs»cs in parents and the reported preva*. 
fence in children of symptoms of cough with colds. 


Tabic l—Proportion of Children with Cough with Colds or Hospitalized for Chest Proldtms Before Age 2 Iren, hy History 

of Parental Smoking and Home Cooking Fort Used 


Worm* Conking Furl ftrrnul Smoking History FrrcmUge o( Children A (Irvin) 

(Vr* • hwrt S»n*ik«) ffiita) Numtwr of Children m tlie (iiwip) 
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Table 2—Aawcio/ion of Porenta1 5mofcivt{ end Cm CooJhnp **iih Hospitolizotion of Children Before Agf 3 Tears for 

Retjhralory lllnrt*r» 


Nfl of Clultlirn 
iMJcprmlrtil Ho'piUlimi for 

— VinaMrv CKtjt HWs«*s 

Furl hW for 

Im tuufong Tei No 

Cm *» 350 

Electricity IS 730 

farmul wnoJuitit 

Father ahmc smoke* 18 IK) 

Mithrr ah me tmokn 8 90 

Father and rnttKit unolr 13 37! 

Either nr hmh parent* smoke 30 82! 

Neither parent smoke* 14 465 

«nu)dk apart from cold, or bringing of phlegm wither* 
opart from cokls Of the U38 children, 31 percent 
lived in Imincs where gas was used for cooking, and 69 
percent lived in homes where electricity was used for 
cooking. Tln-rc was a significant association between 
parental smoking and the use of gas for cooking. 
Fathers smoked in 224 (56.4 percent) of the 397 Itomcs • 
" where gas was used lor cooking, compared to 366 (46.6 
percent) of the 786 homes in which electricity was used 
br cooking (g*» 10.28. pCO.OOl). Similarly, mothers 
smoked in ISO (40.8 percent) of the 441 homes in which 
gas was used (nr cooking, compared to 292 (33.7 
percent) of die 866 Imines in which electricity was used 
tor cooking (x *6.33. p<0.05). The proportion of 
children with chronic respiratory symptoms by paren¬ 
tal smoking and use of cooking fuel arc shown in Table 
1. 

The use of gas for cooking was associated with an 
increased risk of hospitalization of the children before 
age two years l>ecause of chest cokls and other respira¬ 
tor)' illnesses (odds ratio • 2.4) independent of 
parental smoking (Tilde 2). Any parental smoking also J 
increased tin? odds ratio; TVhcn both parents smoked ^/ 
in a luHisdiokl in which gas was used Iur cookiitg»;tbc^ 
^odds ratio was 9.25 (p» 0.0006). The use of gas lor*'/ 
cooking was not associated with increased risk if-J 
occurrence of ciHJglt with cokls in the children. I how¬ 


OtWs tbtm 

SE 

f-V«lue 

14 

• 6M 

0.001 

10 

. . . 


13 

O.KSfi 

0.022 

19 

1.239 

0.026 

1.6 

OH56 

0.21 

11 

O.atiB 

0.017 

1.0 " 

... 



ever. parental smoking increased the risk of occurrence^ 
of these symptoms HEddr 3)..Othcr than the possibility 
of wheezing and whistling sounds in the chest wtth 
colds,moot of the dependent variables in Table 4 was 
significantly associated with parental smoking and/or 
use of gas lor cooking. Also, the frequency of occur¬ 
rence of car infections in the children lietwecn ages 0 
to two years, or two to live years, or the occurrence of 
wheezing with exercise was not bund to lie associated 
with parental smoking or use of gas for cooking. 

The mean standing height of 144.2 cm and weight of 
37.8 kg for children whose parents smoked was not 
significantly different from the mean standing height of 
145.6 cm and weight of 38.7 kg br children whose 
parents did not sinoke. Mean values br initial mea¬ 
surements of pulmonary function iieforc the inhaled 
isoproterenol did not differ significantly between chil¬ 
dren from smoking and non-smoking (amities. Signify 
cant differences in mean values were out seen after 
bronchodilator inhalation in the childrmr^lrom 
amuking bnifes^ W were apparent among children' 
from smoking families for the measurements w\ 
FEF75. FEV* and FEF25-75 (Eibfe 5). Tl»e mean 
values of the measurements of lung volumes br the 
two groups of children were not statistically different. 
Because 28 r-test* were perbrmed br these analyses, 
adjustment was made by accepting only Musts with p 


Table 3—Association of Parental Smoking mnd Gas Cooking with Occurrence tf Cough with Colds in Children 


ImlrjrfHlrflt 

Vsrw)»!r\ 

Fwl utn) fc*f 
home OHikiiii' 

Cm 

Efoctnrity 

Pjrvnui mmAhik 
Fslhrr Jbmr unnirs 
Miilbft slmtr kiiH»ki’% 

Faliu mhI imidtff imnkf 
Killirr in l««th (wrmtt smufor 
Nnlln^ jumil 


No. of Children 




with Symptom* uf 




Coughs wtthtUdd* 

Oddi tUtfo 

*E 

pAjlur 

Yn 

No 


•• 


125 

352 

0.9 

0.123 

055 

*Wi 

495 

1.0 



ion 

177 

14 

0.22H 

0 011 

36 

6) 

1.5 

11 .*vm 

0 Ufvl 

111 

173 

16 

0 255 

OIBti 

147 

411 

15 

0 I'M 

nun 

144 

** 

1 0 




Pww snd Gas Com#* *> Am«or> OimmoCnow if swo m at) 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 


2023510194 





Table 4—R'lation,hip ofPortntal Smoking and Cooking Cot i rith Occnrmet of lUtpiratory Symptom* m ChiUrrn 


Independent 

Variable 

No oT Children 
with Respiratory Symptoms 

Vi No 

Oddi Ratio 

_i 

t 

- SE 

p’Valve 

1. Chest RMcritKin and phlegm 
■nth cukis 

Cat 

70 

307 

1.1 

0.166 

0 41 

EWvtncity 

126 

633 

1.0 

• •. 

. . . 

I'jthrr alone smokes 

46 

130 

1.0 

0.213 

0.62 

Mother alone smokes 

19 

78 

1.3 

0.363 

040 

Father and mother smoke 

54 

129 

1.2 

0.363 

0.2* 

Either or both parents smoke 

119 

137 

1.2 

0.166 

0.35 

Veil her parent smoke I 

77 

403 

1.0 

• .. 

• • • 


2. Chest connection and phlegm 


•part from cold 

Cas 

Electricity 

Father alone smokes 

Mother alone smokes 

Father and mother smoke 

Either m both parents smoke 

Neither parent smokes 

17 

35 

12 

7 

11 

30 

22 

345 

708 

256 

*7 

264 

009 

444 

10 

1.0 

0.9 

1.6 

06 

1.0 

1.0 

0.302 

0.345 

0.730 

0317 

0.266 

0.99 

066 

0.30 

064 

0.98 

3. Wheeling ami whistling sounds 






•n i-hests Mith culdt 






Cas 

1W 

273 

1.0 

0.154 

0.56 

Electricity 

19H 

564 

1.0 

V 


Father akme smokr* 

74 

202 

12 

0.210 

0.27 

Mtrfhrr ah me tuinke* 

30 

«7 

1.5 

0.362 

0 12 

Father ami mother simile 

(Hi 

Itfi 

1 4 

0.241 

0 03 

Kilhrr or hath parents smoke 

190 

4nr 

1.3 

0.1*5 

0.03 

Nr it her jiarent 

112 

370 

to 




4 Uliif^MiC Jmi wIfiUltiiE wwinl 
in che»l apart fnwn mills 


Cav 

r> 

326 

0.9 

0.222 

080 

Elect nritv 

61 

647 

0.1 

. . . 


Fallwr al*me siwiikcs 

21 

215 

1.2 

0.32!) 

052 

Mill her alone ww»kn 

14 

73 

22 

0761 

0 02 

FatlnT and rm»tli«r smoke 

16 

244 

Oh 

0.239 

ojy 

Either m Irntli jurrttU smoke 

64 

552 

1.1 

0.257 

0.55 

Nrillirr |iarrnl smoke* 

36 

421 

1.0 


. . . 

5. Attack') of *r)»re/4i»l5 with 






short mil ul Inrath 






Cas 

30 

346 

0.7 

0.15H 

0 12 

Electricity 

63 

079 

1.0 

« . . 

— 

Fatlier akwic smokes 

2ti 

251 

0.6 

0.211 

0 48 

Mutlier alone smokes 

12 

*5 

1.1 

0389 

070 

Father and mother smoke 

22 

261 

0.7 

0. INI 

0 14 

Eitlirr nr lioth parents smoke 

60 

697 

0.6 

0.161 

029 

.Neither parent smokes 

S3 

425 

1.0 

. • •• 



Value* of <0.002 as significantly difTerent at a 0 05 
confidence level (0.05 + 28 « 0.00*2) The mean percent* 
age rlianges in the pulmonary function measurements 
(calculated as the differences between the postvalue 
and prevalue divided by the prevalues for each pa¬ 
tient). however. did not differ significantly between the 
tw groups ol children (using an unpaired l-testl 

DlSCt'SSION 

Kespiratory symptoms and illnesses occur fre¬ 


quently. particularly In thclrinpcrate regions of the 
worlds in preschool and school-age children. Only 
recently lias it lseen appreciated that parental smoking 
at home may lie associated with an increased risk of 
occurrence of respiratory symptoms in children. Alf 
higher rate of hospitalization of the childrrn before af^ 
4wo years for chest illnesses (bronchitis, pneumottra' 

* etc) was associated with both parental smoking and gits 

• cooking. A significant increase in pulmonary (unction ; 
after an inhaled lironcIftodiLittfr among children rf 
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Table 5—Flow Rate* cf Children Bifon and After Inhaled hoprolerenot 


Ouldrtn of Smoking Pwvnli 

Mean (SC) MewuremenU of FW 
Hues and Long Volumes 


Children of Nonftmo(n| Farrntt 

Mean (SC) Measurements of Flo* 
Rales and Lung Volumes 


\hrisbltft 

Freooproterenol 

fostaoprotertnol 

V 

FrriiopftMermol 

FfritUoprotcrtwol 

r 

fefh 

5.11 (0.13) 

4.97 (0.15) 

0.11 

5 10 (0.15) 

8 06(012) 

042 

FEF25 

4.18(0.12) 

4.15 (0.12) 

0.71 

4.54 (0.11) 

4.11(0.1) 

0.11 

FEF50 

±22 (0 09) 

1.55 (0.09) 

0.02 

3.25 (0 09) 

3.36 (0.09) 

0.07 

FEF75 

1.52 (0 05) 

L76 (0.07) 

o.oooit 

1.56 (0.08) 

in io 07) 

0.11 

FEV, 

123 (0.05) 

1.17 (0.05) 

0.0002t 

121 (0 05) 

2.23 10 06) 

054 

FEV, 

1.52 (0 06) 

1.52 (0.06) 

0.48 

147(006) 

* 3 SO 10 07) 

0.17 

FEF25-75 

1.50 (0 08) 

1.82 (0.08) 

00001* 

160 (0.07) 

37110.09) 

0.05 

fvc 

155 (0 06) 

1.57 (0.06) 

0.18 

2.51 (0 07) 

353(0 07) 

0 15 


♦Paired Mrtl cumfurinff initial pulmonary function measurements and postbroneboddator values. 
fStgruScant tf 0 05 lr\el after ad)ustmg lor the performance of 26 I* test* 


smoking parents is an interesting additional observa¬ 
tion perhaps consistent with previous reports of in¬ 
creased bronchia! reactivity in cigarette smokers with 
normal lung function 1 * and an association between 
symptomatic asthma in children and parental smok¬ 
ing* 

Areola) smoking may be associated with dil1« a iCTit 
types of respiratory illnesses in infancy cotnjurrd to 
tin*srlmol age. Fergussun ct aP found an increased risk 
of infantile lower respiratory illnesses in (lie last right 
months of the first year of the infant's life to Ik* 
associated with maternal hut not paternal smoking. 
Similarly. Colley ct al' found that infantile pneumonia 
was mun* common when both parents smoketl tliai) 
when neither parent smoked. The risk was intermedi¬ 
ate when only one |>arent smoked. Thesemull* arc 
" consistent with our findings that hospitalization of 
xhiklrm in the first two years oT life lor bronchitis and 
/pneumonia was associated with parental smoking. 
~~ However, Fergusson et aP did nol study the association 
of parental smoking and use of gas lor cooking on 
respiratory infection rales. Their study Is different 
from ours also, in that they studied respirator)' infec¬ 
tion rate between lour and 12 months of life. Their 
study was prospective-ret respective in design, and 
therefore, parental retail may have been more reliable 
than in our study. In the first year of life, an infant is 
likely to spend proportionately more time with the 
mother than the father. Thus* the age of the child at the 
time'uf the administration of the respirator)' question¬ 
naire may liave been an important factnr in the finding 
that maternal but not paternal smoking was associated 
with respiratory illness in the child. 

Weiss ct al* reported a dose response between 
prevalence rale of symptoms of persistent wheezing, 
cough, and phlegm in children and parental smoking. 
The rate nf occurrence of symptoms in children was 
highest when both parents smoked, intermediate 
when either parent smoked, and lowest when no 


parent smoked. However, the authors also found a 
strong association Isetwcen the occurrence rate of 
these symptoms in the children and the prevalence 
rate for such symptoms in the parents. We found'*' 
significant association between parental smoking and 
tin* prevalence of cough with colds in tin* children: ^ 
However, we did not find any association between, 
parental smoking or the use of gas cooking and the 
nqtortcd incidence ofcough apart from cold*and chest 
congestion and bringing up phlegm with or apart from _ 
colds. In a study of dutdreii whose ages were similai to 
the children in our population. lniwt*ver, Colley 7 found 
an association Udwren parental smoking and the 
occurrence of cough during the day or at night in 
winter in the children. He also Jmmd an association 
between parental smoking and bringing up "any 
phlegm from the chest first thing in the morning in 
winter" by the children. Tlic Lick of association 
tween these variables and parental smoking in bur 
study may be attributable to tlie phrasing of the { 
questions in the ATS-DLD questionnaire. where "in 
tlic morning" was not specifically mentioned, ami; 
wliere phlegm production was sought in association 
willi chest colds rather than "in winter" Slight changes 
in the phrasing of questions can result in substantial 
differences in the type of responses one obtains.** 1 
Fk>ry et al 1 si rawed an association between the levels 
ofNOj in kitchens and Ixxlroonu of the homes, and tlie 
prevalence of respiratory illness in primary school- 
children. This association was ^dependent of the 
childrens age* sex, social class* and the numt>er of 
cigarettes smoked at home, in another study, children 
six to 11 years old from household* with gas stoves liad a 
history of more frequent respiratory illnesses Indore 
age two yean compared to children from homes where 
gas was not used for cooking. 11 In a studv of 
schoolchildren in England and Scotland, a reported 
incidence of coughs, cold* going to the chest, and 
bronchitis in children from home* using gas for cooking 

Irnom^ Gm Cpo««q m A**t*nory >imm of 0*0*9* on 
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was significantly higher than for children from homes 
where electricity was used.® Melu et al*“ demon¬ 
itrated that the association between respiratory illness 
and gas cooking tended to disappear as the children 
crew older. 

r . ~~ The nature of the association of respiratory symp- 
ims in children and gas cooking in the home is yet 
i nclear Tun oxides of nitrogen, nitric oxide (NO) and 
n tmen dioxide (NOJ. are produced in varying con- 
mtrations in homes with gas stoves.®* It has been 
uhtiTret) that acute exposure of man and animals to 
hid) levels of nitrogen dioxide (NOJ can cause pulmo¬ 
nary edema and death.® 

A significant reduction in FEF25-73 values was 
observed in children who smoked, as well as in 
dukhet whose parents smoked but who were non- 
«mokm themselves. “ At least one group of investiga¬ 
tors has found no association between parental smok¬ 
ing and long function measurements of the children . 1 " 
In these studies, the children did not receive an 
inhaled hronchodilator drug Inhaled bnmcht dilator 
inrclii'jtmn was administend to children in our study, 
ami \kv observed statistical I v significant dillerences in 
the mean sallies of FEF75. FEV,. and FEF25-75 for 
cltihliru whose parents smoked compared to those 
whose parents did not smoke. Tlie clinical importance 
of such nhservctl dtITcrcncv* in the absolute values of 
pulmonary function measurements is. however, un¬ 
clear. 

In a recent study of children su to II years old front 
tonisctoildx with gas stoves, small hnl significant difler- 
t*iuw were limnd in FEV, and FVC eurrecicd for 
iieight. compared to children from tonnes where gas 
was iMit used kn cot iking. w These hunt he* tended to lie 
poorer and wen* in the kfwer socioecommue class. 
Flory et al' found no significant relationship Ik.* tween 
King function measurements and concentrations of 
Nt>. in either kitchen or bedroom. Lung function 
measurements of peak expiratory flow rates (PEFit) 
and FEF25-75 for children from homes with gas stoves 
were not significantly higher than measurements for 
children JVmn homes with electric stoves. I lasselblad 
et al,“ however, found pulmonary function sug¬ 
gestively decreased among nine- to 13-year-old girls in 
homes with gas stoves and not among younger chil¬ 
dren. 

Based on the findings of this report and from 
previously published findings, one is led to conclude 
that parental smoking is associated with a risk of certain 
respiratory illnesses and symptoms among children 
living in the same environment. An independent hut 
similar effect is suggested for gas cooking. Children 
from homes where parents smoke had increased reac¬ 
tivity of airwave alter bmnchodilator therapy, hut it is 
not known if these changes persist or luve clinical 
consequence* 
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SUMMARY: Family aggregation of pulmonary function measurements 
was analyzed in the nuclear families of the Tucson epidemiologic 
study of airway obstructive diseases (AOD). There were 271 parental 
pairs and their natural children who had satisfactory pulmonary 
function data. Initial regression analysis showed significant 
correlations of the pulmonary function variables after controlling 
for age and sex. Body habitus, as measured by the Ponderal Index, 
was highly aggregated as well. Pulmonary function measurements 
were aggregated in families independent of family size, reported 
diagnosed AOD, and children's smoking, even though both asthma and 
smoking showed significant familial aggregation. After controlling 
for the familial aggregation of body habitus, a major determinant 
of pulmonary function, there was no remaining independent 
aggregation of pulmonary function measurements. It was also 
determined that parental passive smoking had no effect on children's 
pulmonary function measurements. 
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Family Aggregation of Pulmonary Function Measurements"’ 


MICHAEL 0. LEBOWITZ, R. J. KNUDSON, and B. BURROWS 
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Introduction 

Clinicians have noted that airways 
obstructive diseases, especially emphy¬ 
sema, appear to run in families, and 
this has been a common observation 
since the early nineteenth century (1,2). 
Except for the rare homozyiotk alphas 
antitrypsin deficiency, other genetic 
predispositions to chronic obstructive 
diseases have not been clearly demon¬ 
strated (3). Studies In England have 
r demonstrated that there Is a genetic 
basis of asthma (4, 5). Recent studies 
have demonstrated aggregation of pul¬ 
monary function in twins (6, 7), and 
recent population studies have shown 
that pulmonary function measurements 
appear to be aggregated in families 
( 1 * 10 ). 

It has long been recognized that 
body size and configuration art geneti¬ 
cally determined, yielding familial ag¬ 
gregation of body habitus; body habi¬ 
tus has a major influence on pulmo¬ 
nary function. Although adjustment 
for height to predict a person’s lung 
function is standard, this is not suffi¬ 
cient when examining interindividual 
correlations of body habitus with lung 
function. Thus, h is necessary to eval¬ 
uate the interaction of body habitus in 
the analysis of familial aggregation of 
pulmonary function. 

This report attempts to examine the 
relationship of pulmonary function 
measurements in the family, of body 
habitus relationships in the family, and 
the interaction thereof. The influence 
of a history of airways obstructive dis¬ 
ease In parents and children, smoking 
In parents and children, family she, 
and the influence of passive smoking, 
which are possible confounding vari¬ 
ables, are examined as welL 

Methods 

Data oo nuclear families reported herein are 
derived from the Tbcson Epidemiological 
Studies of Airways Obstructive Diseases, 
which has been described previously (11). 
The population under study is a multistage 
stratified cluster sample of white, uon-Mcx- 
iciia American families in the Tbcsoo area. 


where stratification was on age of head of 
household and on socioeconomic status. 

In the first year of this study (1972-1973), 
questionnaires were completed on all sub¬ 
jects. These included a respiratory history 
and a family history with a family utc Sub¬ 
jects 12 yT of age sad older completed their 
own questionnaires. Mothers, or substitutes 
if the mothers were not available, completed 
them for children younger than 12 yr of age 
(11). Comparisons of maternal and self re¬ 
porting performed for smoking histories 
showed no discrepancies. A separate study 
showed no significant differences, in chil¬ 
dren I to 11, in parental versus self reporting 
of chronic symptoms (12). Pulmonary func¬ 
tion tests were performed satisfactorily in 
over of those 4 yr of age and older, 
using techniques previously described (13). 

Nuclear families were defined as families 
fat which there were a mother, a father, and 
at least one natural child of the pair. There 
were >44 nuclear families of the 1*655 fam¬ 
ilies studied (approximately 25%). The 
number of subjects involved in these nu¬ 
clear families represent about 1,400 of the 
3,100 subjects in the total study population. 
There were 27} families fat which both par¬ 
ents and 1 or more of their children had 
satisfactory pulmonary function measure¬ 
ments is the first year of the study. These 
were analyzed as units. We also considered 
relationships between parent-child pain, 
spouse pain, and sibling pairs. 

The presence of airway obstructive dis¬ 
ease fat the children and the parent was ob¬ 
tained from the Questionnaires, as was 
smoking history (for thou 15 yr of age and 
older). Family site, obtained from house¬ 
hold records, was also used to determine if 
fa was a confounding variable. 

As previously described, all measure¬ 
ments wee made by trained sum faster- 


viewers; tests of imerobserver variability i 
all measurements indicated no gignificar 
differences (11,13). Standing height (H) i 
inches, sitting height in inches, and wtigl 
(W) in pounds were used to calculate tt 
Fonderai Index (14), an index of body hah 
tus (ij&, H/Vw). This index had the he 
correlation with pulmonary function m 
when compared with other indexes of hoc 
habitus. 

The pulmonary function measureznen 
wed were*, forced vital capacity (FVC 
forced expiratory volume in one secor 
(FEV t ), and maximal expiratory flows aft 
50 and 75% of the FVC had been opir 
(Vm&XM and Vmaxn, respectively). Ea 
subject’s function was flirt corrected ! 
height and weight, using regression aqv 
lions derived from data on asymptoma 
nommokm m this population. These a 
rected tubes did not explain all effects 
body habitus. 

Comparisons of children's and pares 
pulmonary function variables (expressed 
pe rcen t predicted) were performed fir 
before accounting for parental body ha 
tus; these were performed before and af 
& score transformations. The Z-scores t 
standard normal variates: for each subje 
the ob se rved value was subtracted from i 


(tarried ¥ origin*! form October XX Ml< 
fa rr*md form Mgr ft fWJ) 


1 From the Division of Respiratory Soar 
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group mean and divided by the group tun- 
dud deviation (U » Okik - ljk)/s.jk. for 
each i subject, j igt group, k set). This re* 
BKrvtd further effecu of age and ta and 
gave all values the same units. AD pulmo¬ 
nary function variables were then adjusted 
for the individual child's Pondera! Index 
and the parental Pondera! Indexes (where 
significantly correlated with the pulmonary 
function variables) using regression tech¬ 
niques. The &tcorts were recalculated for 
each of these pulmonary function variables 
within each age-so group represented in the 
parent-child pairs. The Escort technique it 
useful for looking at specific effecu of other 
explanatory variables, such as smoking. 

Familial aggregation was estimated by 
analysis of variance (ANOVA), which cor¬ 
responds to the intraclass correlation as 
described by Dormer and Koval (15). These 
investigators demonstrated that this method 
was slightly better than the maximal likeli¬ 
hood estimator if the true correlation was 
likely to be leu than 0.3. Both were better 
than the usual product-moment correlation 
method. They also demonstrated that dif¬ 
ferences In results with inclusion or exclu¬ 
sion of one child were minimal and nonsig¬ 
nificant. The multivariate components of 
variance method of ANOVA is more useful 
than other methods of examining aggrega¬ 
tion in that it gives separate estimators for 
variance components and allows usual test- 
teg of significance of those estimates. Anal¬ 
yses of variance were performed using the 
children's pulmonary function measure- 
menu as the dependent variable, using age. 
sex. smoking, and body habitus indexes of 
the children and the parents as covariates, 
with parents' pulmonary function (as con¬ 
tinuous variables) as the explanatory vari¬ 
ables (main effecu) in the ANOVA. Covari- 
tus were all continuous variables except 
sex. Main effecu were grouped into equal 
thirds. TWo- and three-way interactions were 
ctamined. The regression option was used 
to remove covariate effects, other main ef¬ 
fects, and interaction effecu from the con¬ 
tribution of each main factor, using SPSS 
programs on a DEC-10 Cyber 173 Univer¬ 
sity Computer System. In the case of nu¬ 
clear family analyses using analyses of vari¬ 
ance, the analyses were done for all families 
and separately and for those with 2 or more 
children (13). For analysis of parent-child 
pairs, the male/female oldest child was 
used. For analysis of sibling pairs, the 2 
oldest children of each sex to the family 
were used. 


PtonuHs 

The characteristics of members of the 
nuclear families with pulmonary func¬ 
tion tests art shown In table L There 
highly significant product-mo¬ 
ment correlations of measures of body 
habitus between all children and their 
parents, after adjusting for age and sex. 
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CHARACTERISTICS OP FAREWTS AND CHtlOREM 
P YEARS Of AGE AND OLDER) «N NUCUAR 
FAMILIES WITH pulmonary FUNCTION 
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The linear regression of all the chil¬ 
dren's H/W‘" on mothers' H/W"> had 
a correlation (r) of 0.104 (p < 0.0001); 
with fathers, r ms 0.773 (p < 0.0001). 
There were also some significant prod¬ 
uct-moment correlations of the amount 
of smoking (pack-years) between vari¬ 
ous pairs, especially between fathers 
and children siblings and spouses (p < 
0.001), even though many fewer chil¬ 
dren than parents smoke. The signifi¬ 
cant correlations were between father 
and both daughters and sons, between 
siblings, and between spouses; the 
mothers-sons correlation of smoking 
was borderline (p • 0.085). There was 
no correlation of smoking with any 
of the measurements of body size or 
habitus. 

Product-moment correlations be¬ 
tween children's and parents* pulmo¬ 
nary function measurements were sta¬ 
tistically significant (r as much as 0.30) 
prior to adjusting for covmriatn. The 
most significant aggregation of a pul¬ 
monary function measurement prior to 
body habitus correction was with FVC, 
which as a volume measurement is 
most closely correlated with body habi¬ 
tus. The relationships were also strong 
and significant for FEV k , but were less 
often significant for the flow variables. 


However, regressions of the children's 
percent predicted pulmonary function 
against parents* pulmonary function 
and body habitus measurements showed 
significant correlations of the children's 
pulmonary function with the parents' 
body habitus, as well as with their own 
body habitus. After body habitus and 
age corrections, the previous correla¬ 
tions of pulmonary function variables 
between any of the pairs were no 
longer present. Thus, the relation be¬ 
tween children’s lung function and par¬ 
ents* lung function is likely to be related 
to their similar body habitus. 

Despite the aggregation of asthma 
(table 2), it was not a factor in the ag¬ 
gregation of pulmonary function meas¬ 
urements when tested by ANOVA. 
There was no family aggregation of 
present diagnosed chronic bronchitis 
for emphysema. The presence of these 
other airway obstructive diseases In 
parents and/or children were not fac¬ 
tors In the relationships between pul¬ 
monary function measurements in the 
family (by ANOVA). Fhmily size was 
•o* found to be a significant factor in 
«*ny of the analyses. Analyses of vari¬ 
ance for families with 2 or more chil¬ 
dren only, as well as for all families (1 
child or more), yielded similar results. 
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CHILDREN'S VOLUME AND FLOW MEASUREMENTS m RELATION TO FARE NTT VOLUME AND 
FLOW MEASUREMENT* CONTROLUNO FOR OTHER VARlAgLSS (it ANOVA)* 
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There were two exceptions to this: the 
contribution of the father's Vmxx* on 
the daughter's Vnux M was significant 
(p a 0.046); however, the total variance 
explained was not significant. As that 
only left 1 of 34 comparisons signifi¬ 
cant, mother-ton FVC (p of main effect 
• 0.021), and one might cipect ap¬ 
proximately 1 of these many compari¬ 
sons (n a 34) to be significant by chance 
alone (at p < 0.0$), this was considered 
a chance finding. Performing the same 
analyses after correcting for smoking 
habits in the parents and children, and 
after analyzing by whether airways ob¬ 
structive diseases were present or not, 
did not change the results. 

The children's Z-scort-corTected pul¬ 
monary function variables were com¬ 
pared among smoking and nonsmok¬ 
ing parents; the results are shown in 
table 4. As can be seen, parental smok¬ 
ing did not have a significant effect on 
children’s pulmonary function; smok¬ 
ing habits of others in the household 
(predominantly siblings) did ooc have 
any effect either. 
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To Account for aD of the possible 
significant coviriibles And interaction* 
we used multiVAriite analysis of vari- 
Ance to cvaluiie aggregation of FVC, 
FEV lt Vmixm, Vmax H . Each explain* 
lory vtriAble was treated as An indepen* 
dent contributor to the dependent viri- 
abl* Tbe results for All 4 pulmonary 
function variables were similar, so only 
1 volume (FVC) and 1 flow (Vmax») 
variable are shown (able 3).. 

Without covariate controls or ad* 
Justed children's pulmonary function, 
the parents* volume measurements con* 
tributed significantly to the explana¬ 
tion of tbe children's measurements. 


Vmax* of the children as the depen¬ 
dent variables had no significant rela¬ 
tionship with any of the explanatory 
variables, where both the parents' pul¬ 
monary function variables had been 
centered for body habitus as well The 
total amount of variability explained in 
these analyses was significant for FVC 
and FEV, (p - 0.001). 

Tbe analyses of variance performed 
on the pulmonary function measure- 
menu of parent-oldest child, spouse, 
or sibling pain yielded negative results. 


Discussion 

It is generally agreed that body habitus 
is genetically determined; h certainly 
has high familial aggregation. Pulmo¬ 
nary function variables are measure¬ 
ments that ait highly dependent on 
various characteristics of body habi¬ 
tus. Pulmonary function measuremenu 
have previously been shown to aggre¬ 
gate in families when body habitus in 
the families was not accounted for (I, 
9). In our study, we first saw strong 
correlations between parents' and chil¬ 
dren's pulmonary function measure¬ 
ments, significant for FVC, FEV„ and 
Vmax M . However, when we controlled 
for body habitus in the examination of 
the relationship between paienu’ and 
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These significant relationships for 
FVC, FEV„ andVmax* were also pres¬ 
ent after age and sex were used as co¬ 
variates and parental smoking was used 
as explanatory variables (table 3). 
However, adjusting for smoking re¬ 
duced the significance of fathers' FVC 
and both parenu* Vinax*. fMtf 
•poking was significant ohjy- 4br 
Vmax w (maternal smoking onJy). Fur¬ 
thermore, we did not find any relation 
between fathers* or mothers* smoking 
and their spouses* pulmonary function. 

Tbe body habitus-corrected FVC and 


X VALUES OF CHILDREN'S FUIMONARY FUNCTION AY FARENTAL SMOKING 
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cfcOdK&’t pulmonary function am* 

. atmenu, we no longer found mb re* 
jtrio&ships. Thus, familial correlations 
for observed pulmonary function, es¬ 
pecially FVC, were dependent on famil¬ 
ial aggregation of body babitus, even 
after controlling for age and sex. It can 
not be construed as an ovendjustmem 
of familial data, as the underlying fa* 
milial aggregation Is one of body habi¬ 
tus characteristics. This is note a ge¬ 
netic effect than one of dietary or en¬ 
vironmental effect, as shown by the' 
weaker relationship between siblings 
and the lack of a relationship of body 
habitus between spouses. 

On the ether hand, we ffid detect a 
fomilial relationship of asthma between 
children and parents independent of 
Booking and pulmonary function 
measures (table 2), which confirmed 
findings of Sibbald and coworken (4, 
5), and Ibwnley and associates (16). To 
insure that this is not strictly a result of 
reporting bias, objective measures such 
as bronchial-reactivity would have to be 
done to confirm the relationship, as has 
been done by Townley and associates 
(16). This familial aggregation of asth¬ 
ma did not affect the findings fot any 
familial aggregation of pulmonary 
function. 

We found also that smoking habitus 
aggregated in families but was prob¬ 
ably an environmental influence only. 
Spouses and siblings had the closest 
relationships of smoking habits (r - 
029 and 0.50, respectively). Smoking 
habits of both sons and daughters cor¬ 
related more highly with those of their 
hit hen (r - 0.22 and 0.23, respectively) 
than with those of their motben (r • 
0.08 and 0.03, respectively). 

Previously, we had not found a rela- 
rtionship between children’s and par¬ 
ents* chronic symptoms by parental 
f smoking (20). When we examined ef¬ 
fects of parental smoking on children’s 
pulmonary function, taking into ac¬ 
count the burial relationship between 
parental and children’s pulmonary, 
function, only maternal smoking was a. 
■gnificawt explanatory variable, and 


«Btrfcr«taaX',(p - 0.043). Consider¬ 
ing the number of ways in which the 
comparisons were made, this one dif¬ 
ference probably was not meaningful. 
When children's pulmonary function 
was adjusted for paternal body habitus 
as well as their own, there was no sig¬ 
nificant parental smoking contribu¬ 
tion. Alack of a relationship betwe en 
parental amoking and children’s pul¬ 
monary function, wen without correct¬ 
ing for parental pulmonary fimetion or 
body habitus, bad been reported by 
Speizer and coworken (17, II), Schil¬ 
ling and astoriatet (10), and Dodge 
(12). Tiger and colleagues (19) had re¬ 
ported this association, hut it too might 
disappear if corrected for the family 
aggregation they found (9), and/or 
body habitus. It is possible that con¬ 
trolling for body habitus fat a family 
may be controlling for other genetic 
and host factors as well. 

Finally, we did not find any signifi¬ 
cant interaction between the smoking 
habits of either parent smoking and 
their spouses’ lung function (table 3), 
similar to Comstock and coworken 
(21) and Schilling and associates (10), 
but different from Kauffmann and 
coworken (22). 
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Abstract 


Ueln| a stated design of air quality eonicoring, va follovad 174 
follies using unvantad kerosene heaters and 173 fsallies without 
heaters for a three-aonth period to evaluate the association betveen 
nitrogen dioxide (NO*) exposure and acute respiratory Illness rates. 
Envlronaental and health data vere obtained through personal 
interview, bi-weekly telephone interviews, tax assessor records, and 
froa two-week integrated NO* aenaureeents in 303 residences. One 
hundred-twenty-one children under age 13 were followed in this study, 
59 living in hoaes with kerosene heaters and 62 living in hoaes 
without. Initial analyses indlcste that exposed children have 
significantly aore days of acute respiratory Illness than controls. 
Uaitatlons are iaposed by ssaple site and by possible selection^ 
bias. 


Introduction 


I 

L 


Uhvented coabustlon in hoaes can lead to high aabient levels of 
several air contaalnants with nitrogen dioxide (NO*) being the aost 
notable (1). While NO* has been lapllcated as a potentiator of lower 
respiratory Infection! in laboratory animals (2), the epidealologlc 
evidence for deteraining unhealthy lavela in huaana is inconclusive at 
this tiaa. Halls et el. (3,4) and Florey Hal. (5) have reported 
data that suggest that children between the egee of 5 and 11 living in 
hoses with gas cooking etovas had hlghar levels of ecute respiratory 
ayaptoaa or disease than those living in hoaes with electric cooking 
stoves. The rsnge of NO* exposures aeasured in these studies was froa 
6-634 ug/a . The genersfixabiiity of theoe studlea is Halted by low 
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r 

response races and an overrepresentation of lover socioeconocic status 

| groups, 

t Keller « al. (6,7) found no difference in Illness rates between 

volunteers who lived in hoaes using gas for cooking and those using 
electricity. The range of NO. exposures in their st^dy was reported 
for a saaple of hooes only ana was very low (22 ug/n ), so that It was 
unlikely that any positive association could be found. The potential 
for recall bias Halts the finding of Speizer et al. (6) that 
children living in hoaes with gas cooking stoves had higher 
respiratory illness rates before age two than children living in hones 
using electricity stoves. Dodge (9) reported that exposure to 
parental saoking and gas cooking was associated with higher 
respiratory syaptoa rates in Arizona schoolchildren. However, his 
saaple la unrepresentative, suffered froa low response rates, and no 
pollutant aeasures were made. 

The investigation reported here was designed to deteraine whether 
exposure to air contaalnants emitted by kerosene space heaters, 
particularly N0 2 * is associated with excess respiratory illness in 
children. We hypothesized that there was a positive correlation 
between NO. levels and acute respiratory Illness rates aaong 
children. ^Ve identified a population with kerosene heaters where we 
could eeasure the household ML exposures of children while accounting 
for aany of the other potential risk factors for respiratory 
infections, such as parental saoking, presence of gas appliances, 
household size, school attendance, socioeconoalc status, age, and 
previous history of respiratory infections. 


Methods 


Study Design and Population . To allow the aost precise yet 
efficient estimation of individual exposures to pollutants, a staged 
design of air quality eonltoring was employed in a cohort study. A 
cohort of adults who bought kerosene heaters was identified froa lists 
obtained froa local kerosene heater dealers in Connecticut. A control 
household wss systematically chosen froa the neighborhood of en 
exposed household. Neighborhood controls were selected to control 
sabient sir quality and sociocconoalc status. In each household an 
lndsx woaan, the oldest woaan residing in the house, and an Index 
child (if a child lived in the house), the child nearest in age to 5 
but less than 13, were chosen to participate in the study. Households 
with no adult female present and households no longer using kerosene 
hestsrs were excluded froa the study. 

If subjects agreed to perticlpete, an Initial questionnaire was 
adalnisttred. Information was obtained about building 
characteristics, user heating patterns, and the health history and 
current respiratory syaptoaetology of the index edult and the index 
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child (if present). Subjects were then followed up by telephone 
bi-weekly for 12 weeks during Janusry-rtsrch 1983 to obtsln respiratory 
sysptoes for the fettle end the child (if present) end heater use 
patterns during the previous two weeks period. As described In s 
separate paper (10) air monitoring for NO. was conducted for at least 
one two-week period in 87.3 percent of the study households. The 
study population analysed here consists of 121 children under age 13. 
Fifty-nine lived in homes with kerosene heaters; 62 lived in homes 
without. All children were Caucasian. 

Definition of Variables . The independent variables used in these 
analyses Included: (1) demographic factors: age, sex, socioeconomic 
status [SES, Holllngshesd Index(ll)); (2) exposure parameters: nuaber 
of minutes of gas cooking per day (total estimated oven and burner 
use), number of cigarettes normally smoked dally at home by all 
residents, school enrollment, type of cooking fuel, total household 
size (a proxy for density), average dally hours of kerosene heater use 
for each two-week period, one two-week average measurement of NO. in 
each residence, and (3) respiratory illness history. "Respiratory 
illness history" was a continuous variable derived by adding each 
serious respiratory disease reported in the initial questionnaire 
(i.e. ever had pneumonia) and the average nuaber of chest colds per 
year (estimated by the mother). 

We used the reported average hours of kerosene heater use during 
each two-week period as a proxy for NO. exposure. Average hours of 
heater use (by household) correlates fairly well with integrated 
average NO. measurements (r ■ 0.70, p < 0.001). The variable, average 
hours of heater use, was available for each child for each of 6 
periods. 

The dependent variable used in multivariate analysis, days of 
illness, was not normally distributed, so we dichotomised it as one or 
more days of Illness and no days of Illness and used linear logistic 
regression following the methods of Harrell (12). SAS 82.3 programs 
were used for nonparametrlc analyses and the linear logistic 
regression. For variables that were normally distributed (i.e. age, 
household size, etc.), we computed means, t-tests, and correlations 
using StatPsc (13) on the IBHPC. 


Participation and Demographic Factor*. The household 
participation rate among the exposed group was 77.9 percent and 80.7 
percent among the unexposed. Tim loss to follow-up over the study 
period was 3.A percant among tha exposed group and 5.7 percent among 
the unexposed. 

There were no statistically aigniflcant demographic differences 
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between the exposed and unexposed groups of children. The seen sge of 
the children studied vas 6.8 years, the seen household slxe was 4.2 
persons per household, the aeen Index of SES vas 43.4, and the Bean 
index of history of respiratory illness vas 2.7. 

Exposure Factors . There vas sort gss cooking in the unexposed 
children’s hooes^4675 ninutes/day) vhen compared to the exposed 
children’s (17.5 ainutes/day), t-test*1.82, p • 0.07, tvo-tailed: 
hovever, since so few children's hoses had gas stoves (8 exposed, 13 
unexposed), there vere not enough data for aesnlngful use In the 
present analysis. There vas no statistically significant difference 
in the sean number of cigarettes aaoked dally In children's hoses 
(12.63 exposed, 12.74 unexposed). Average tvo-veek integrated NO- 
saaples were taken in 113 of the 121 children's hoaes in four places: 
outdoors, in the kitchen, in a living rooa, and la an adult's 
bedroca, The seen outdoor level of N0 2 for exposed households vas 
14.62 ug/» (range 5-43 ug/ot ) and 12.TO ug/a (range 0-26 ug/m; for 
unexposed households. The sean-kltchen level of in hoaes vith - 
kerosene hesters^vaa 46,92 ug/e (range 3-211 ug/a ; and 14.07 ug/a'’ 
(range 0-80 ug/a J ) in hoses vlthout kerosene heaters. The Bean living 
room-level of NO- in children's hoses vith kerosene heaters vas 46.84 
ug/m J (range 3-154 ug/e 5 ) and 10.36 ugAr (range 0-63 ug/a J ) in 
children's homes vlthout kerosene heaters. The seen level of NO- . 
found In bedrooms in exposed hoses vas 46.82 ug/m J (range 3-225 ug/m J ) 
and 10.4 ug/m J (range 0-66 ug/m J ) in bedrooms in unexposed hoses. The 
overall average use of kerosene heaters vas 7.7 hours per day (range 
0-24 hours per day). NO- measurements in children's hoses vith 
kerosene heaters vere on average 3-4 tines as high as In hoses vlthout 
heaters. 

Association between exposure end scute respirstorv Illness . 

First, in order to determine vhether kerosene heater exposure had an 
association vith the days of Illness, nonparametrlc statistical tests 
were applied to the data. Children exposed to kerosene heaters and 
children not exposed to heaters were ranked es to the total maber of 
days sick over the 12 week follow-up period. A Vilcoxon rank sum test 
wes performed using the t-approximation for the significance levels. 
Children living In homes with kerosene heaters had significantly mors 
days of illness than children living in hoses without kerosene heaters 
(t-2.14, p < 0.05). 

Next, rank correlations were carried out between ell independent 
variables and the dependent variable, days of illness. There was 
little association between average hours of heater use and nuaber of 
days sick over the entire period (Speerasn correlation coefficient, r 
• 0.06, p • 0.09). Age and history of respiratory illness vere sore 
strongly associated with days of illness (r • 0.344, p < 0.01 r - 
-0.17, p < 0.05, respectively). 

Finally, linear logistic regression vas used to determine which 
variables were signif leastIf associated vith one or sore days of 
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Illness during ssch two-week period while adjusting for other measured 
potential risk factors. Average hours of heater use per day were 
significantly associated with days of illness (p < 0.05) while 
controlling for type of cooking fuel, cigarettes sacked per day, 
household site, sex, age, school enrollment, and history of 
respiratory illness. Age aad a significant. Inverse association with 
days of illness (p < 0.05). History of respiratory illness was 
positively associated (p < 0.05). SES was marginally associated (p • 
0.07). 


Discussion 

This initial analysis suggests that young children with a history 
of respiratory infections are the most sensitive to the adverse health 
effects of NO- (or kerosene heater exposure). These results are 
consistent with previous studies that have shown that exposure to gas 
cooking has no effect on respiratory illness in women and school-age 
children (6*7), a borderline association with 5-11 year-olds (2,3,4) 
and an association with the history of respiratory illness in children 
under 2 years(7). The effects seem to be the most pronounced in young 
age groups. It should be emphasised that the results presented are 
preliminary*) 

These data are subject to many potential biases, some of which 
are: (1] recall bias In terms of reporting appliance use; (2] a 
limited ability to generalize from s convenience sample; {3) the 
publicity surrounding the safety of kerosene heaters; [4] all 
heater-owners had operated their heaters for at least one season prior 
to the study; as many as 34 potentially sensitive people were not 
eligible because they no longer used their heaters due to. odor or 
hypersensitivity. 4 final limitation is the small sample size. 

Further research should concentrate on studying the association 
between NQj exposure and younger-aged children. 
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ABSTRACT. A total of 131 infants were monitored from birth through 
the first year of life for respiratory viral infection and illness 
and evaluated for the relationship that these had to certain social 
and familial factors. The results showed no general patterns of 
association between viral infection and the study factors, but 
there were several significant individual associations. Excess 
influenza virus infection was found for black infants, infants 
with at least one sibling, and especially those with school age 
siblings. Rhinovirus infection rates were highest among girls 
attending daycare. In addition, significantly higher rates of 
lower respiratory disease (LRD) were seen in daycare infants and 
low socioeconomic infants and a definite trend to increasing amounts 
of LRD was seen with increasing family size. Protection from LRD 
seen in girls was apparently lost in daycare. No convincing 
differences for viral infection or respiratory illness were seen 
with parental smoking as an isolated factor. 
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Effects of social and family factors on viral respiratory 
infection and illness in the first year of life 
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Infectious Disease Section,* Department of Pediatrics, Baylor College of Medicine, Houston, Texas, USA 


sukmaxy A total of 131 infants were monitored from birth through the first year of life for 
respiratory viral infection and illness and evaluated for the relationship that these had to certain 
social and familial factors. The results showed no general patterns of association between viral 
infection and the study factors, but there were several significant individual associations. Excess 
influenza virus infection was found for black infants, infants with at least one sibling, and especially 
those with school age siblings. Rhinovirus infection rates were highest among girls attending 
daycare. In addition, significantly higher rates of lower respiratory disease (LJU3) were seen in 
daycare infants and low socioeconomic infants and a definite trend to increasing amounts of LRD 
was seen with increasing family size. Protection from LRD seen in girls was apparently lost in 
daycare. No convincing differences for viral infection or respiratory illness were seen with parental 
smoking as an isolated factor. 


Viral respiratory illness is a major cause of morbidity 
and mortality in infancy. Children under 1 year of age 
have the highest incidence of acute respiratory 
Dlhess** 1 and most are apparently caused by viruses. 1 

Social and family factors influence the incidence of 
Alness during infancy 4 " 1 but documented infection 
rates have been less frequently studied. For this 
reason we examined both infection and Alness during 
the first year of life of 131 infants followed up in the 
Houston Family Study between 1975 and 1980. 

Materials mad methods 


foi sampling of all illnesses. Diagnoses were made by 
a physician, nurse, or physician's assistant 
Records of all clinical contacts were available for 
review of Alnesses. Upper respiratory Alnesses (URI) 
were categorised as afebrile, febrile, or otitis media. 
For lower respiratory disease (LRD), the categories 
were laryngotracheobronchitis (LIB), bronchiolitis, 
or pneumonia. On review, Alnesses lasting more than 
two weeks could usually be reinterpreted as two or 
more Alnesses. When difficulty arose as to the nature 
or duration of an Alness, the impressions of people 
teeing the child during the Alness were used. 


lIClUtTMINT AND MONITOtINO 
General methods used in the Houston Famfly Study 
have been reported previously.* - * A total of 131 
inf ants were observed for the first year of life from 
1975 to 1980. In 1975-6 recruitment of pregnant 
women took place at Jefferson Davis, a county 
hospital; thereafter all recruiting was from the 
community at large at an average of two or three 
families a month. The infants had blood obtained at 
binh (cord blood) and at 4,8, and 12 months of age. 
Home visits were made every week during the 
respiratory virus season.(biweekly at other times) for 
history and physical examination and to obtain nasal 
wash specimens for virus culture from infants. 
Additional home or clinic visits were made as needed 


tABOlATOXY MITMODS 

Tissue cultures used for virus isolation were rhesus 
monkey kidney, MDCK, LLC-MK2. HEP-2, and 
Wl-38.** u Some specimens were inoculated into 
fertilised hen’s eggs.“ Serological tests included 
haem agglutination inhibition for influenza A and B u 
and microneutralisation for respiratory syncytial 
virus (RSV), parainfluenza virus types 3 (para 3), tt 
and influenza A and B. M Fourfold rise in antibody 
litre (or faAure of passively acquired antibody to fall) 
was considered evidence of infection. 

SOCIAL AND FAMILY FACTOIS 

Personal and family data were obtained on 

enrolment and then recorded for each subsequent 
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Soda/ factors and respiratory viruses 

year. Six factors were studied; sex, race, parental 
smoking, socioeconomic dais, number of siblings, 
and ancodance ai daycare. Race was white or non- 
white with the Utter induding blacks and Mexican- 
Americans. An infant was considered exposed to 
parental smoking if either mother or lather or a live- 

_relative smoked five or more dgarettes a day. An 

infant was considered a daycare attender if 
attendance at a daycare facility or mother’s day out 
(sponsored by local churches) was consistent for at 
least five months. Finally, socioeconomic dass was 
. -low" if the family was eligible for the county 
hospital or made less than $12 000 a year,"medium" 
if the family had private medical insurance or made 
snort than S12 000 a year, and "high" if the family 
bad private medical insurance, made more than 
$12 wlJIyfcir t *in3 one or'both parents had attended 
at least three years of college. 

ANALYSIS 

Viral infection ind respiratory Qlness rates were 
analysed for eacb^amily factor category. The mean 
cumber of infections or illnesses was calculated from 
the total number of episodes and reported as the rate 
per 100 child yean. Chi-square analysis was done on 
the distribution of the data. 

From 1976 to 1980, 92 infants (induding three sets 
of twins) from 75 families were followed up. There 
were 39 whites, 24 blacks, and nine Mcrican- 
Americans. Forty two per cent of the black and 
Mexican* Amen can families were in the low 
aodoeconomic group compared with 15% of the 
white famOies. The 39 infants studied from spring 
1975 to spring 1976 will be induded in selected 
analyses only because of socioeconomic imbalance 
(38 of 39 in low socioeconomic dass) and some 
limitation in detailed clinical information on minor or 
non-influenza A illnesses, or both, during this first 
study year. This group was composed of 13 white, 21 
black, and five Mexican-American infants. 

VIKUS INFECTION 

The figure shows the number of infections 
documented for the four viruses where serology was 
"used m addition to virus isolation. Respiratory 
syncytial virus (RSV) had the largest proportion of 
infections identified by serological methods alone 
(63%). 0140 influenza A and B infections (35 type A 
and five type B), 40% were identified by serology 
<lone. In addition, 42% of the parainfluenza type 3 
(para 3) infections were identified by serology alone. 
The remainder of the infections shown in tables 1 and 
2 for these four agents were identified by isolation 
alone or isolation plus fourfold serological rise. * 


43 

Table 1 shows the virus infection according to the 
selected social and family factors. In general, these 
factors were not significantly related to rates of 
proved viral infection. There were, however, some * 
interesting exceptions. 

Adenovirus infection rates were significantly 
associated with the number of siblings and daycare 
attendance. Infants with one sibling bad the highest 
rate of infection while those with no siblings had the 
lowest Infants with one sibling more often attended 
daycare (41%) when compared with those with none 
or two or more sibling infants (19% and 15% 
respectively); this may have influenced the chi square 
results. Numbers became too small when further 
analyses of daycare by number of siblings was done 
for adenovirus infection so the influence of the two 
factors could not be separated* 

Both sex and daycare attendance were significantly 
associated with rhinovirus infection. Girls attending 
daycare had a much higher rate of rhinovirus 
infection (169) than did boy dtyeare encoders (50) 
or all infants not in daycare (48). In addition, 54% of 
girl daycare anenders had multiple infections 
compared with 20% of the boys: 77% of girls in 
daycare had had at least one infection compared with 
53% for all infants combined. 

Seventy four per cent of low aodoeconomic dass 
infants had bad at least one pan 3 infection 
compared with 47% for medium aodoeconomic dass 
and 54% for high, and this is reflected in the trend 
(not significant) in overall infection rates. None of 
the viruses considered was significantly associated 
with parental smoking for* 1976-80. A significant 
relationship was found only to RSV and smoking 
mothers at home (p«0*020) when 1975-6 data were 
hdtt dsd. 



Evidence of respiratory syncytial, parainfluenza type S t m4 
influenza A and B virus infection in study infants, Houston . 
family Study 2975—49. Serological rise included failure of 
fall of passively acquired maternal antibody. 
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Social futon and respiratory viruses 


Tabit 3 Inftaoua A and B infection me per 100 child 
yean according to selected social and family factors, 
.1973—$0 
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Influenza A and B infection was also significantly 
related to number of siblings as was influenza A alone 
(p-0-013). A stronger association was teen when 
comparing none with two or more siblings 
(p* 0-008). These relationships with number of 
siblings were not teen with the 1976-80 data only. 

Independence between race and number of 
siblings for low socioeconomic infants was suggested 
by analysing all three factors simultaneously. There 
was a trend towards increase in the rate of infection 
with number of siblings for both white and non-white 
in the low socioeconomic group; non-white infants 
had higher rates compared with white in each sibling 
.category. This was not seen in any other 
socioeconomic group or for the data as whole. Most 
Influenza A and B infections (25/40), however, 
occurred in the low socioeconomic infants (mostly 
due to the A/Victoria epidemic of 1975-6) and 
numbers were too small in other comparisons. 
Regardless of bow the data were grouped, all 
analyses comparing infants with no siblings with 
«infants with one or two or more siblings showed lower 
rates of infection m those without siblings. In 
addition to the association with number of siblings, 
70% of infants with two or more siblings had at least 
me school aged sibling, whereas for those with only 
one, the sibling tended to be of preschool age (15% 
school aged). During the epidemic of 1975-6,38% of 


45 

the study infants had evidence of infection and 80% 
of these had school age siblings. 

aasriaxToar ilikkss 

Respiratory Alness rates are shown b table 2 
according to the selected social and family factors. In 
general, the significant relationships and interesting 
trends found were b the area of more severe Abets 
As shown b the first two columns of table 2,boys had 
higher rates of illness b several of the diapoetic 
categories but none of these trends was significant 
The rate of total LRD varied significantly with both 
socioeconomic class (low v high only) and daycare 
attendance, and a similar trend was noted with 
bereasing number of siblings. There were indications 
that all three factors may affect total LRD 
bdependently. The larger families were distributed 
almost equally among all three socioeconomic 
classes, although low and medium classes had hiper 
percentages of families with two or more sibiinp (low 
39%, medium 38%, high 19%). Rates of total LRD 
for infants with two or more sibiinp were found to be 
highest in low socioeconomic families (166 per 100 
child years) and lowest in hip socioeconomic dass 
families (80 per 100 child yean). Also the low 
socioeconomic families were the least likely to send 
their infants to daycare.* Only 13% of low 
socioeconomic infants were b daycare compared 
with 28% of the medium and 35% of be bp 
socioeconomic dass infants. 

Rates of total LRD for girls and boys not attending 
daycare were 69 and 105, respectively, whOe pri and 
boy infants attending daycare had rates of 123 and 
120. Rates of bronchiolitis and pneumonia were 
essentially equal for both sexes b daycare. 

A statistically significant variation b the rate of 
LTB (a component of LRD) was also found b all 
three socioeconomic dasses, but separate analysis of 
medium v bp was found not to be significant 

(p-0-062). 

No statistically significant relationship was seen 
between total respiratory Alness and parental 
smoking for the 1976-80 infants. Nevertheless, data 
on severe Alnesses b 1975-6 were comparable with 
later yean, and afl six episodes of pneumonia that 
year occurred b bfants of mothers who smoked 
Overall, from 1975 to 1980 there were 11 episodes of 
pneumonia and nine (82%) occ u rr ed b black bfants 
of mothers who smoked. The highest sate of 
poeomonia (25) was found b bfants with boo- • 
employed mothers who smoked end this c ompared 
with a rate of 1-5 b those with Boo-employad^ 
bothers who were ooo-smoken fp» 0-001). / 
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Dbcmrios bronchiolitis and pneumonia in infants and 

children,* but the influence of social and family 
In this study we closely monitored infants for viral factors have been little studied. Our results show a 
infections and respiratory symptoms through the first higher incidence of initial infections among infants of 
year of fife for five consecutive yean. Since we tow socioeconomic class but no significant 
studied proved viral infection regardless of illness association with any of the factors studied. Fifty five 
and all illnesses regardless of severity, differences in per cent of the infants had had at least one 
groups based on family recognition of illness and parainfluenza 3 virus infection, 
patterns of medical care were minimised. It might Our study indicates that for i bAumm viruses 
therefore be expected that for such a ubiquitous (particularly type A) both race and number of 
group of viruses and such common Alnesses the siblings influence the rate of infection. JCim cr *T 
impact of family and social factors would not be found that a larger percentage of black infants 
impressive. In fact, we were unable to find any (especially boys) in hospital for respiratory Alness 
consistent overall relationship between respiratory during 11 influenza epidemics had influenza A virus 
v viral infection or Alness and the soda! factors studied, infection,* and our very different approach also gave 

We had previously noted a similar lack of overall indications that blacks are at a greater risk for 
effect of breast feeding on viral respiratory infection influenza A infection. The effect of race on influenza 
and Alness in this same population.* Within this infection was not influenced by family aize or 
general similarity of experience among infants living socioeconomic dass even though a larger number of 
under different conditions, however, there were non-whites were in the low socioeconomic class. The 
selected findings of interest, especially in relation to present data point to older siblinp, particularly 
previous reports. This group of observations will be school age children, as introducers; infants were 
summarised and then discussed individually. RSV * more likely to be infected if they had school aged 
and para 3 notably could not be confidently related to siblinp in the home. This was especially true during 
any of the study factors. The infection rates of rhino, * the epidemic of 1975-6 as previously reported* and 
influenza, mad adenoviruses were all significantly has been observed by others.* Hal let al found that 
associated with two of the study factors but the -preschoolers were more often responsible for spread 
strongest and dearest relationships were found for of infection within the ft mfly based on age-specific 
influenza viruses. Respiratory illness varied infection rates, but they noted that infection rates 
significantly with the study factors only when looking based on a fourfold serological rise rather than the 
at more serious Alness categories. Important trends twofold rise they used would have shifted the highest 
induded variation in severe illness rates with sex and age-specific infection rates to school age children.* 
number of siblinp while significant relationships Rhinovirus infection rates were found to be 
existed between LRD, socioeconomic dass, and influenced by sex and daycare attendance. In both 
daycare. No differences in LRD were found in instances the reason appeared to be a high rate of 
relation to parental smoking as an isolated factor. infection in girls attending daycare for which we have 
RS Vis a major cause of respiratory Alness in young no explanation, 
children, especially bronchiolitis and pneumonia.* * Variation in Alness with soda! and family factors 
Previous studies have found no correlation between was generally restricted to LRD rates and most of the 
RSV infection and sex, race, or socioeconomic findinp reported previously also refer to LRD. Boys 
class 1 *** although sex, low sodocconomic dass, and have been shown to have higher rates of LRD 
number of siblinp, may influence the outcome of compared with girls* * * * at least to the age of 6. 
infection * * * Our data also show no correlation Although we found that the difference between boys 
between RSV infection and sex, race, or and girls was not significant for LRD, the ratio of 
socioeconomic dass, and, in addition, we found no Alness, especially when looking only at non-daycare 
assodation with daycare. The relationship to attenders, was very dose to the 60:40 ratio found 
parental smoking must be considered questionable by Gardner. 4 The presence of siblinp has also been 
because of the limitations of the data relative to this shown by previous studies to affect the seriousness 
virus in 1975-6. Hall et al also found a questionable and number of Alnesses. 4 * We were unable to show 
relationship between parental smoking and RSV that the difference in ill ness rates be tween number of 
infection so that any association continues to be . aiblinp was significant for LRD but the trend was 
undocumented* Sixty nine per cent of our study very suggestive. 

toftnu bed h»d »t Je«t one RSV infection; this shows Uw hu been thought to 

the high madeace m this if* group. influence the me of respiratory illness by tneens of 

Parainfluenza type 3 virus is also a major cause of overcrowding, large family aize, and inadequate 
LTB in young children and is an important cause of medical care. 4 * We provided uniform medical care 
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Social Factor* and respiratory viruses 

~ and still found a higher rate of LRD among infants of 
low socioeconomic cUu even when controlled for 
family sue (although numbers were small) and 
despite die fret that few of these infants were in 
* daycare. Factors other than medical care or family 
‘ ■ -saMcem to be important influences on the incidence 
of LRD in the low socioeconomic infants. Trends to 
more infection and illness in general were present in 
this group. 

Fast studies have implicated daycare attendance as 
a cause of increased respiratory illness in children, 
especially infants. Strangert and Loda etal noted this 
in infants aged 6-15 months and under 12 months 
old, respectively.”* Vihma found annual illness 
rates in daycare compared with home to be 6*3 v 
2*5." These results are in agreement with our* 
findings. In addition, we found that girl infants in 
daycare seem to lose the relative “protection" from 
LRD observed for girl infants at home. Rates of 
serious lower respiratory disease—that is, 
bronchiolitis and pneumonia—wer equal in boy and 
girt daycaremenders. _ 

Infants of parents who smoked in our study were 
not at greater risk for viral infection or respiratory 
Illness and even had a lower raie of LTB. The only 
^exception to this was a significant relationship 
between pneumonia and parental smoking 
(especially mothers at home who smoked) only 
evident when the 1975-6 dam were included; This 
effect could not be separated from the influence of 
race or socioeconomic dass. Our observations are in 
contrast with those of Harlap and Davies* and 
Leeder et el* Both studies found a highly significant 
relationship between passive smoking and lower 
respiratory illness, specifically bronchitis and 
pneumonia. Methods is these studies differed 
considerably from our own; Harlap and Davies used 
data from large numbers of infants in hospital 
whereas Leeder etal followed up a cohort of children 
by means of yearly questionaires. Although the total 
number of episodes of LRD (112 inducting 1975) 
experienced by the infants in our study was small by 
comparison (especially pneumonia), ascertainment 
was more direct and illnesses were well documented. 

"We are grateful to Janet Wells, FAC, and her 
predecessors for making the Houston Family Study 
possible. Dr Abel Paredes participated in the study, 
1975-7. Excellent management of the manuscript 
was provided by Kay Brown. Supported by contracts 
AI-92611 and AJ-22672 and grant USPHS-MOl- 
RR-018S (Clinical Research Center) from the 
Hational Institutes of Health. Computational 
assistance was provided by the Qinfo project funded 
by the Division of Research Resources of the NIH 
gram number RR-00350. 
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ABSTRACT. A CHESS data base from Chattanooga, Tennessee was 
thoroughly scrutinized and found to be of high enough quality to 
warrant epidemiological analysis. Using this data base, the 
relationship between N02 ambient pollution levels and acute 
respiratory disease in children was examined. Although a 
statistically significant relationship was found, it was not 
monotonic. Indeed, over the range of pollution values experiences, 
more illness is associated with low pollution values than with 
high ones. A U-shaped relationship between illness and N02 
concentrations was found in several subpopulations in addtion to 
the entire data set, although for some subpopulations no 
relationship was found. In contrast, higher ambient sulfate levels 
were found to have a positive effect on acute respiratory disease 
incidence in children over the entire period and for different 
subsamples, although this effect was not significant for either 
season analyzed separately. 
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Short-Term Nitrogen Dioxide Exposure and Acute 
Respiratory Disease in Children 


WMon Harrington and Alan J. Kn^nAck 
Rm/ctt For The Future 
Washington. DC. 




A CHESS Mi beee from Chettwwoga, Tenneaeee was thereof#! 
eonSMsed end found le be of high enough gueaty le warrant 

■cnrMfi nuj ammm powniwi wtiw m pm* rnpvpvy 
at enoaren wee exsmmeo Mmoupt e Mwcwy Hgmnceni rets 
SoneMp wee founds K wee not menofonic* Indeed* over the range of 
pollution values experiences, more Mnooe lo aeeoctefod with tow 
godutfen tabs* flhan wSh high ones. A U shags d roiedenaNp be¬ 
tween Mnees and 00j concentrations was found In several adfs 
guiebone bi e dd Sten to the entire data eel, afthou0i far earns 
e yp gog u m uon s no rviet«wwsp w§m louno. ei cotmi, mpw envt- 


respiratory dlasaas Incidence In children ever the entire period end 
lor dtfferent subs^nDiee. uthoiadt IMs ef f ect wae net oionlflCMt for 
either s o aeon analysed eegaratefy. 


Since the passage of the Clean Air Act in 1970, several epide¬ 
miological studies have attempted to associate morbidity 
with indoor and outdoor exposure to nitrogen dioxide (NO 2 ). 
The indoor, so-called gas stove studies 1 * 7 produced mixed 
and inconclusive results in their attempts to link health 
impairment to the presence of a gas stove or gas heater in the 
home. Studies of the health effects of outdoor NO? expo¬ 
sures also have failed to find consistently significant health 
effects at ambient exposure levels.** 11 

In an analysis of people living in Chattanooga, Tennessee* 
conducted under the Community Health and Environmen¬ 
tal Surveillance System (CHESS) program, Shy and Love 13 
were able to link NO? exposures and acute reepiratory dis¬ 
ease. However, several problems have been raised about this 
study. The researchers have been criticized for using rudi¬ 
mentary statistical techniques, consisting mainly of pairwise 
comparison of illness incidence rates in subpopulations. In 
addition, the data base has been tainted by its association 
with the controversial CHESS program. 13 (The earlier 
CHESS Chattanooga studies were also criticized for using a 
subsequently discredited method (Jacoba-Hochbeiaer) for 
monitoring NO* concentrations. However, by 1972 the Saltz- 
man technique was being used.] Yet EPA has found the 
Chattanooga data to be accurately transferred from the sur¬ 
veys to the computer tapes and our own research has re¬ 
vealed the data quality to be at least as high as other similar, 
hut much less controversial data bases. 

The lack of persuasive epidemiological studies upon which 
to base a national ambient air quality standard for nitrogen 
dioxide motivateo the present paper. Here we return to the 
CHESS aerometric and health data bases collected during 
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1972-73 in Chattanooga and used by Shy and Love to exam¬ 
ine the relationship between NO? and acute reepiratory dis¬ 
ease in children. We first describe and defend the CHESS- 
Chattanooga data base and the statistical model used to 
examine it. We then preeent our results and discuss a num¬ 
ber of econometric issues and their relationship to our find¬ 
ings. 

The Data taee 

In January 1972, a self-administered survey on chronic 
respiratory disease (CRD) was distributed to families with 
children in elementary schools in one of the three Chatta¬ 
nooga communities. Harrison, Brainerd, and Redbank, lo¬ 
cated within one mile of an air pollution monitoring station. 
A subeample of families—1970 parents and their children, 
4898 individuals in all—was drawn from this sample to par¬ 
ticipate in an acute respiratory disease (ARD) panel survey. 
Information was taken in two-week intervals (always begin¬ 
ning on a Sunday) over three school semesters from spring 
1972 through spring 1973. Each family wax phoned within 
several days after the end of each two-week period to deter¬ 
mine if any family members experienced various acute respi¬ 
ratory disease symptoms or consulted a physician. 

Aerometric data were gathered at seven sites. Hourly mea¬ 
surement* of NO? were taken using the Si Hunan chemilu¬ 
minescence technique only for the fall 1972 and spring 1973 
study periods. Thus, we eliminated data for the spring 1972 
period from our analysis. Chattanooga was chosen as a site 
for an N0 2 study because it featured a TNT plant emitting 
Large quantities of nitrogen-based pollutants. This plant 
closed January 1,1973, resulting in reduced NO? concentra¬ 
tions in the nearby communities. Daily readings were taken 
on particulates, nitrates, and sulfates. Thaae daily reading* 
were reduced to monthly frequency distributions. Unfortu¬ 
nately, the original daily data were unavailable from EPA, 
and we have been forced to use the monthly frequency distri¬ 
butions for the Latter three pollutants. 

The Chattanoogs health and aerometric data collection 
effort of the early 1970s and the CHESS program in general 
have been criticized (Roth 14 ) for their poor survey protocob, 
health data inconsistencies, and aerometric data unreliabili¬ 
ty. Krupnick and Harrington 13 provide a complete reanaly¬ 
sis of these data and find, first, that the survey protocob 
were carefully designed and observed. In addition, responses 
to identical sododemographic questions on the CRD and 
ARD surveys were found to be quite consistent. Abo, the 
NO? monitoring data were found to be reasonably complete, 
generally consistent, and taken by devices that generally 
outperform other types of monitors in the Lab. 

Further, because a duplicate CRD survey was adminis¬ 
tered to some of the participants 22 months later, we were 

C«rrn>*t lMS-av PiMm »Cwwila>m» 
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able to identify inconsistencies intertemporally, Drawing on 
responses from 948 parents and considering only the ques¬ 
tions concerning age, race, birthdate, education, and smok¬ 
ing status, over 80% of the parents had matching responses 
over the two survtys. These results compare favorably to 
similar investigations of the VS. Census and other highly 
regarded data baaaa, 1 * 17 . 

In the course of our examination of the quality of thia data 
base we noted a number of recall-related problems inherent 
in the survey procedure. These problems may also be present 
in pans of other surveys, such as the Health Interview Sur¬ 
vey (HIS), that rely on biweekly interviews to collect acute 
respiratory disease data. These problems art discussed in 
some detail elsewhere, 14 but the main points may be summa¬ 
rized as follows: 

1) Respondents have imperfect recall of the day or even 
week of onset of illness. For example, over 60% of illneeses 
reported were Mid to have occurred is the second week of 
the recall period, a result significantly (a ■ 0.01) different 
from the uniform distribution one would expect Apparently 
respondents either forget (presumably minor) illnesses oc¬ 
curring in the first week, or they remember disease onset as 
occurring later than was actually the case. 

2) When everage duration of reported illness is plotted as 
a function of day of onset during the two-week period, a 
linear decline is found during the second week of the period, 
with average duration at the end of the week barely half of 
average duration at the beginning. The most likely explana¬ 
tion is that illnesses extending past the end of the period are 
not reported accurately, even though interviewers were in¬ 
structed to identify such illnesses and ask about them at the 
end of the next reporting period. If this explanation is cor¬ 
rect, the truncation of restricted activity days imparts a 
downward bias to illness severity. 

3) In other panel studies it has been suggested that re¬ 
spondents may, over time, progressively under-report illness 
simply because they become tired of doing interviews. If 
pollution levels are time-dependent, the study results may 
be biased accordingly. We found little evidence of this phe¬ 
nomenon. On the assumption that less serious illnesses could 


Table I. Descriptive statistics (N ■ 2093). 


Variable 

Mean value or 
population fraction 

NEWILL 

0.13 

RADS 

0.21 

AGE 

7.7 

Agt distribution 

0-2 

0.09 

3-4 

0.06 

5-6 

0.16 

7-8 

0.23 

9-10 

0.25 

11-12 

0.19 

RACEIW 

0.91 

CHESTINF 

0.28 

CHRON 

0.07 

Education of household head 
High school graduate 

0.71 

Attended some college 

0.45 

MOMHEAD 

0X6 

Mothers* smoking status 

Current 

0.32 

Ex- 

0.15 

Non* 

0X3 

CROWD 

1.30 

SEXlF 

0.48 

GAS 

0.05 

RAIN 

2.70 

TEMP 

18.20 


Table II. Pollution statistics. 



Mean 

(Mg/m 3 ) 

Standard 

deviation 

Correlation coefficient* 
PAR90P SUL90P TEMP 

N02MAX 

98.0 

48.3 

-0.10 

0.20 

-0.09 

PAR90P 

100.6 

31.4 


-0.027 

0.34 

SUL90P 

10.0 

2.7 



-0.036 


be more likely to be neglected, we regressed the ratio of 
“serious" to total illness incidence on time, and found no 
trend. 

Thee# findings affected our subsequent data analysis in 
two ways. First, no attempt was made to use time intervals 
shorter than two weeks, even though the sample could be 
reduced to weekly or even daily observations. Second, we 
concentrated on the incidence of rather th™ dura¬ 
tion, inasmuch as we felt the former to be more reliable. 


The Model 


To identify the factors affecting reported children's dis¬ 
ease, we use pooled cross-section time series models predict¬ 
ing illness incidence or duration as a function of demograph¬ 
ic, pollution, and waather variables. Symbolically, the mod¬ 
els are of tha form 


Sijt m Pjtt W t ) + lift 

where 5^ is the reported incidence or duration of the ill¬ 
ness of the itb child in the >th neighborhood 
during period t, 

Xy is a vector of personal variables for the ith child 
in the ;th neighborhood, 

P Jt is a vector of pollution variables for the ;th 
neighborhood in period t, 

W t is the weather in period t, and 
<y, is tha disturbance term. 


The independent variables are defined as follows: 

AGE: the child's age at tht beginning of the school 


RACE1W; 

CHESTINF: 

CHRON: 


EDU: 

MOMHEAD: 

SMKPPD: 

CROWD: 


SEX1F: 

GAS: 

RAIN: 


year. 

the race of the head of household; 1 if white, 0 
if nonwhite. 

I if the child hes suffered a respiratory infec¬ 
tion within the past three yean, 0 otherwise. 
1 if the child suffers from asthma or a chronic 
heart or lung condition, 0 otherwise, 
the yean of schooling completed by the head 
of household. 

1 if the household bead is female, 0 otherwise, 
mother's smoking in packs per day. 
number of household members divided by 
the number of rooms in the house, 
sex of child; i if female, 0 if male. 

1 if the kitchen stove is gas. 0 if electric, 
amount of rainfall during the period, in inch- 


EPIDEM: 

TEMP: 


N02MAX: 

PAR90P: 

SUL90P: 


monthly influenza cases reported by the 
State of Tennesse e (in thousands), 
the sbeolute difference between the everage 
temperature during the period and 65*. 
average daily maximum concentration of 
NO], in Mg/m*. 

90th percentile total suspended particulate 
concentration during the month, in ^g/m 3 . 
90th percentile sulfate concentration during 
the month, in jig/m*. 


As noted above, two dependent variables ere considered: 
illness incidence (NEWILL), which is 0 or 1 according to 
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Table III. Predicting illhess incidence in population eubsamples. 1 


9 

A 

B 

c 

D 

Children 

E 

F 

G 

H 

I 


All 

Children 

Children 

without 







children 

with 

with 

chronic 

Children 

Children 





12 end 

nonsmoking 

smoking 

respiratory 

with 

(and 

Infante 

Fall only 

Spring only 


under 

mothers 

mothers 

disease 

CRD 

under 

Intercept 

0.0512 

0.084 

-0.0197 

0.052 

0.098 

0.037 

0.151 

0.161 

0.018 

(00503) 

(0.059) 

(0.091) 

(0.056) 

(0.095) 

(0.10) 

(0.21) 

(0.113) 

<0.075' 

N02MAXL 

-B.87F-4 

-6.10E-4 

—13.5E-4 

-6.4E-4 

-I3.8E-4 

—8.44E-4 

-12.5E-4 

0.26E-4 

-15.0E-4 

(2.05E-4)' 

(2.46E-4)* 

(3.71E-4P 

(2JE-4)* 

(4.0E-4)* 

(4.1E-4)* 

(8.7E-4) 

(4.3E-4) 

(2.9E-4)* 

N02MAXH 

I.71E-4 

2.19E-4 

-.57E-4 

2.3E-4 

J1E-4 

241E-4 

S.2E-4 

0.06E-4 

3.95E-4 


<0.68E-4) k 

(0.78E-4)* 

0.46E-4) 

(1.13E-4)- 

(1.J4E-4) 

(1.B9E-4) 

05SE-4) b 

(0.7BE-4) 

<2.0lE4> b 

PAR90P 

B.88E-4 

6.69E-4 

14.3E-4 

11.4E-4 

4.00E-4 

12.1E-4 

13.0E-4 

2S.1E-4 

13.4E-4 


(6.08E-4) 

(7.4E-4) 

UO.BE-4) 

(6.8E-4) 

U2E-4) 

(11.9E-4) 

(24E-4) 

(1SE-4) 

(9.1E-4) 

PAR90P2 

-0.053E-4 

-0.044E-4 

-0.07SE-4 

—0.058E-4 

-0.041 E-4 

-0.066E-4 

Q.045E-4 

-0.146E-4 

—0.056E-4 


(0.028E-4)' 

(0.03E-4) 

(0.048E-4) 

(0.031E-4) 

(0.0555) 

(0.064) 

(0.11E-4) 

(0.074E-4) 

(0.039E-4) 

SUL90P 

135E4 

117E-4 

191E-4 

89.8E-4 

231E-4 

128E-4 

219E-4 

—1S6E-4 

95.3E-4 


<45.9E-4)‘ 

<54E-4>» 

(87E-4) k 

(53E-4) 

(87JE-4)* 

(B0E-4) 

09SE-4) 

(217E-4) 

(65.7E-4) 

SUL90P2 

-5.54E-4 

-4.B1E-4 

-7.91 E-4 

-3.67E-4 

—9.36E-4 

—6.46E-4 

—11.6E-4 

5.76E-4 

—3.38E-4 


(1.72E-4)* 

(2.0E-4) b 

(3.32E-4) b 

(L97-4) 

(3.24E-4)' 

(3-3E-4) 

(7.5E-4) 

(9.9E-4) 

(2.2E-4) 

AGE 

-0.0185 

-0.0165 

-0.0252 

-0.022 

-0.010 

d 

• 

-0.0207 

-0.0164 


(0.0034'* 

(0.0042 )* 

(0.0057)* 

(0.0037)* 

(0.0071) 



(0.0047)* 

(0.0048)* 

ACE2 

7.53E-4 

S.14E-4 

14.9E-4 

8.99E-4 

3.32E-4 

d 

• 

8.71E-4 

6.4E-4 


I2.44E-4)* 

(3.0E-4) 

(4.2E-4t* 

(2.66E-4)' 

(5.27 E-4) 



(3.47E-4)« 

(3.46E-4) 

CHEST1NF 

0.0475 

0 0495 

0.044 



0,071 

0.103 

0.046 

0.048 


<0.010>* 

(0.012) f 

(0.018)* 



(0.019)* 

(0.042)* 

(0.014)* 

(0.015)* 

CHRON 

0.044 

0.0390 

0.052 



0.036 

0.003 

0.036 

0.052 


<0.0059>* 

(0.0071 )' 

(0.011 )* 



(0.011)* 

(0.024) 

(0.0083)* 

(0.0084)* 

CROWD 

0.0184 

0.0163 

0.018 

0.019 

O.OU 

0.037 

0.029 

0.022 

0.0156 


(0.0073 

(0.0090) 

10.013) 

(0.0083)> 

(0.014) 

(0017)* 

(0.715) 

(0.010)* 

(0.010) 

EDU 

-0.0012 

-0.0045 

0.0056 

-0.0016 

-0.0060 

-0.0029 

-0.0031 

-0.00028 

-0.0024 


(0.0021) 

(0.0028) 

(0.0039) 

(0.0025) 

(0.0095) 

(0.0046) 

(-0.315) 

(0.0031) 

(0.0032) 

EPIDEM 

0.072 

0.089 

0.036 

0.055 

0.099 

0.064 

0.059 

-0.23 

0.098 


(0.01 n* 

(0-013 ) c 

(0.019) 

(0.012)* 

(0.021)* 

(0.022)* 

(1.31) 

(0.085)* 

(0.017)* 

SEX IF 

0 0076 

0.0083 

0.006 

0.0066 

0.011 

-0.0080 

0.0027 

0.0021 

0.012 


(0.0052) 

(0.0063) 

(0.0092) 

(0.0058) 

(0.010) 

(0.011) 

(0.023) 

(0.0072) 

(0.0071) 

SMKPPD 

-0.0013 


0.0019 

-0.0027 

0.0021 

-0.0050 

-0.0058 

0.00126 

-0.0037 


(0.0020) 


(0.0049) 

(0.0023) 

(0.0036) 

(0.0040) 

(00086) 

(0.0028) 

(0.0028) 

GAS 

-0.020 

-0.044 

0.012 

0.0044 

-0.061 

-0.057 

-0.070 

-0.0012 

-0.036 


(0.012) 

(0.015)* 

(0.019) 

(0.014) 

(0.021)* 

(0.026)* 

(0.061) 

(0.016) 

<0.016>* 

RAIN 

-0.0056 

-0.0068 

-0.0027 

-0.0050 

-0.0060 

-0.0054 

0.0019 

-0.019 

-0.0027 


(0.0016)* 

(0.0019)* 

(0.0027) 

(0.0017)* 

(0.0031) 

(0.0032) 

(0.0064) 

(0.0053)* 

(0-0020) 

TEMP 

0.0022 

0.0021 

0.0025 

0.0020 

0.0026 

0.0029 

0.0015 

0.0018 

0.0026 


(0.00040) 1 

(0.00048)* 

(0.00072)* 

(0.00045)* 

(0.00081 )* 

(0.00082)* 

(0.0018) 

(0.00086)* 

(0.00066)* 

RACE! W 

0.056 

0.039 

0.073 

0.051 

0.060 

0.059 

0.087 

0.034 

0075 


(0.0090)* 

(0.012)* 

(014>* 

(0.0095)* 

(0.019)* 

(0.017)* 

(0.039)* 

(0.013)* 

(0.013)* 

S 

16474 

11497 

4977 

11557 

5246 

5108 

1387 

8176 

8298 

F 

25.5 

19.7 

8.83 

15.29 

8.33 

5.68 

1.84 

8.37 

22.5 


0.0286 

0.030 

0033 

0.022 

0.026 

0.027 

0.025 

0.019 

0.049 


* Standard error* in parentheses. 

* Significant at the 5% level. 

* Significant at the 1* Ifcvel. 

* AGE and AGE2 were replaced by dummy variable* AGEONE <- 1 if AGE ■ 1,0 otherwise) and AGETWO. 
•AGE and AGE2 were replaced by dummy variables AGEONE through AGESIX. 


whether the child is reported ill during the two-week period 
in question, end duration of restricted activity (RADS), 
which takes an integer value between 0 and 14. 

Tables I and II provide descriptive statistics on these 
variables. Note the low number for mean RADS, indicating 
the large percentage of observations with a xero valise for this 
variable. Correlation coefficients between each of the pollut¬ 
ant* and temperature are also provided. Note that correla¬ 
tions between pollutants are all quite low. We searched for 
more complicated pattern* of collinearity by using the diag¬ 
nostic tests 11 provided with the SAS regression package. 
These tests failed to reveal any serious collinearity problems 
involving any of the independent variable*. 

We relied primarily on a linear probability model for our 
a^tlysis. using ordinary least squares (OLS) as the estima¬ 
tion procedure, the result* of which are presented below. 
However, the OLS model requires a number of assumptions 
of questionable validity for the current problem. We discus* 
later the effects of these assumptions on the outcomes. 
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Table III shows the results of the regressions predicting 
illness incidence. Column A gives the results for the entire 
sample of children aged 12 and under. The remaining col¬ 
umns show results for a number of subpopulations; we used 
these result* to examine the stability of the coefficients and 
to identify populations especially sensitive to the pollution 
variables. Thus, Columns B and C give results for children of 
mothers who do and do not smoke, and Columns D and E 
give results for children with and without chronic respira¬ 
tory disease or a history of respiratory ailments. In Columns 
F and G we examine the illness incidence in younger chil¬ 
dren. Finally, in Columns H and I we divide the sample into 
fall (October-December 1972) and spring (January-April 
1973) time periods. 

The specification of the NOj variable was piecewise linear, 
with s break at 100 Mg/m 3 - This specification was the best of 
all those examined. In Table III N02MAXL and NO- 
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2MAXH refer, respectively, to average daily maximum con¬ 
centrations below and above 100 Mg/m 3 . Aa shown, for NO- 
2MAX concentrations below 100 Mg/m 3 , illness probability 
falls relatively sharply as N02MAX increases. Above 100 
Mg/m 3 illness probability gradually increases with NO- 
2MAX, but the illnws rate at the highest observed two-week 
maximum concentration (384 Mg/m 3 ) is lew than that at the 
lowest observed concentration (27 Mg/m 3 ). The clinical liter¬ 
ature gives no reason why t dose-response function should 
have these characteristics. 

In the subeamplet (Columns 8 to 1), the above relation¬ 
ship between N02MAX and illness is replicated for children 
with nonsmoking mothers and children without a history of 
respiratory disease. For both preschool age children and 
infanta, the coefficienta were similar although not always 
significant. However, for children whoee mothers smoke or 
have a chronic respiratory condition, N02MAXH has virtu¬ 
ally no affect Finally, when only fall periods art examined, 
N02MAX is not related to illness st all. 

These exceptions did not increase our confidence in the 
results. The first two exceptions suggest that a “sensitive 
population** for NO? is healthy older children of nonsmoking 
mothers. If so, perhaps the presence of s chronic condition 
•wampt the small NO? effect Likewise, perhaps for children 
exposed to parental smoking an additional NO? effect can¬ 
not be detected. One problem with this explanation is that 
we found no adverse effect of mother's smoking on children's 
health. As for the absence of an NO? effect in the fall we note 
that the prevalence of illness in that season was relatively 
low in any event, if the effect of NO 2 is to reduce resistance 
to disease, we might expect to find no NO? effect when little 
disease is present in the community. Such speculation not¬ 
withstanding, we have not found an effect from NO? that is 
supported by clinical evidence or that is present in all popu¬ 
lation subgroups. 

For sulfates and particulates the best fits were obtained 
for the 90th percentile of two-week concentration and a 
quadratic specification, with a positive linear and negative 
square term. The paniculate results were reasonably consis¬ 


tent across subpopulations, but rarely significant at the 5% 
level. Moreover, the various functions were such that the 
effects of particulates on illness were negative st concentra¬ 
tions below 80*100 itgJm 3 , which is near the average 90th 
percentile concentration. That is, over much of the relevant 
range the particulate variable is inversely related to illness. 

The coefficients for sulfates are significant for the entire 
sample, but not for the fall and spring semesters separately. 
For fail, the coefficients enter with signs and reverse of all 
other subsamples, but the t-values are very small. For 
spring, the coefficients are similar to coefficients in other 
equations but the t -values still are not significant. For the 
population subeamplet the sulfate coefficient* are subie 
and significant except for infants, where, as we have noted, 
sample sixes are much smaller and an effect of population on 
health would be correspondingly more difficult to identify. 
The inconsistent s e asona l results may be related to using 
weighted averages of monthly summaries of daily readings 
instead of two-week averages, which were unavailable for 
particulates and sulfates. 

Turning briefly to the other explanatory variables, the 
most statistically significant and robust results were for vari¬ 
ables that one would expect to be associated with respiratory 
disease: age, s history of chest infection, presence of s chron¬ 
ic condition, the extent of crowding in the home, and outside 
temperature. Not only were these variables almost always 
significant, but the coefficients were stable across subpopu- 
lations. The coefficients for CHRON (presence of chronic 
disease), for example, varied between 0.036 and 0,052. ex¬ 
cept in the equation for infants, and indeed very few infants 
in the sample were diagnosed for s chronic disease. The 
EPIDCM variable was also generally significant but in the 
fall the sign wai negative, a result we believe to be fortuitous, 
inasmuch as the variable was very small in absolute value 
during that season. 

For two other variables. RACE1W and RAIN, the results 
were stable and significant. White children consistently re- 
ported more new illness than nonwhites. We also found a 
consistent inverse relationship between the amount of rain- 


Table IV. Comparison of specification* of NO? variables in equations predicting illness incidence^ 



A 

B 

C 

D 

E 

F 

G 

N02MAX 

1.4E-6 

-3.5E-4 

—21.7E-4 






(56.8E-61 

(1.82E-4)* 

(4.37E-4)* 





N02MAX2 


0.009E-4 

11.3E-6 







(0.0045E-4) 

(2.31E-6)' 





N02MAX3 



-li59E-8 

(0.35E-8)* 





N02MAX(0-75> 




-19E-4 

- 21 E -4 







(4.63E-4** 

<4.88E-4)‘ 



N02MAX (75-150) 




-0.16E-4 

(0.94E-4) 




N02MAX(75-100> 





—0.2BE-4 
(0.80E-4) 



NO2MAXU00-150) 





1.2E-4 

11.1E-4I 



N02MAX0150) 




1.7E-4 

0.S6E-4 







U.15E-4) 

(1.19E-4) 



NO2MAXUM00) 






-8.9E-4 

(2.05E-4V* 


N02MAX0100) 






1.7E-4 

(0.69E-4)* 


NO2AVG10-50) 







-9.4E-4 

(4.1E-4)* 

N02AVG050) 







1.96E-4 
(3 8E-4) 

F 

25.8 

24,7 

245 

24.0 

23.2 

25.5 

24.7 

R* 

0.0274 

0.0277 

0.0289 

0.0281 

0.0288 

0.0286 

0.027B 

S 

16474 

16474 

16474 

16474 

16474 

16474 

16474 


* Standard errors in parent heses. 

* Significant at the 5% leveL 

* Significant st the 1% level 
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Table V. Craw section time lenn rtf r«M»vn ^ ...*.. 

* illness incidence end restricted activity day*: full sample v*. 
temple consisting of one child per family • 


Variable 

Illness incidence i 

Restricted activity devt 

— rar - 

umptr 

•ample 

Full 

sample 

Sub- 

sample 

Intercept 

0.0512 

-0.0016 

0348 

0.275 


(0.06) 

(0.73) 

(0.135) k 

(0.20) 

N02MAXL 

-8.87E-4 

-7J8E-4 

-25.0E-4 

-28.7E-4 


(2.05E-4)* 

(2.9E-4)* 

(6.6E-4)' 

(8.3E-4)' 

N02MAXH 

1.71E4 

1.39E-4 

4.4E-4 

6.22E-4 


<0.68E-4)‘ 

(0.99E-4) 

(1.86E-4) k 

<2.8E-4) k 

PAR90P 

8.88E-4 

17.BE-4 

-1B3E-4 

9 80E-4 


(6.08E-4) 

<88E-4) k 

(16.6E-4) 

(24.5E-4) 

PAR90P2 

-0.053E-* 

-0.088E-4 

0.064E-4 

—0.04E-4 


(0.028E-4) 

<0.040E-4l k (0.075E-4) 

(0.099) 

SUL90P 

13SE-4 

107&-4 

212E-4 

73.3E-4 


(45.9E-4)* 

(66E-4) 

026E-4) 

(185E-4) 

SUL90P2 

-S.54E-4 

-473E^ 

-0.3E-4 

—4.26E-4 


U.72E-4)* 

42.5E-4) 

(4.7E-4) k 

(6.9E-4) 

AGE 

-0.0185 

-0.020 

-0.045 

-0.044 


(0.0034)* 

(0.0049)' 

(00092)* 

(0.014)* 

AGE 3 

7.S3E-4 

8.54E-4 

20.9E-4 

19.1E-4 


(2.44E-4)* 

(3.$E-4)» 

(6.7E-4)* 

oo.oe-4) 

CHESTINF 

0.0475 

0.053 

0.178 

0.196 


(0.010)' 

(0.015)* 

(0.028)* 

(0.042)* 

CHRON 

0.044 

0.047 

0.099 

o.no 


(0 0059 ) c 

(0.0084)* 

(0.016)* 

(0.023)* 

CROWD 

0.0184 

0.018 

0.019 

0.0080 


(0.00731* 

(0.010) 

(0,020) 

(0.026) 

EDI) 

—0.0012 

0.0028 

-0.0087 

-0.0023 


(0.0021): 

<0.0032 > 

(0.0061) 

(0.0088) 

EPIDEM 

0.072 

0.080 

0.228 

0.221 


(0.0111* 

(0.015)* 

(0.029)* 

(0.0421* 

SMKPPD 

-0.0013 

-0.0039 

0.0004 

0.0086 


(0.0020) 

(0.0028) 

(0.0050) 

(0.0078) 

GAS 

-0.020 

-0.0021 

-0.037 

0.0021 


(0.012) 

(0.0016) 

(0.032) 

(0.045) 

RAIN 

-0.0056 

-0.0049 

-0.0037 

0.0025 


(0.0016)' 

(0.0022) k 

(0.0043) 

(0.0061) 

TEMP 

0.0022 

0.0020 

0.0029 

0.0030 


(0.0004)' 

(0.00057)* 

(0.0011)* 

(0.0016) 

RACE1W 

0.056 

0.06$ 

0.127 

0.136 


(0.0090)' 

(0.014)* 

(0.025)* 

(0.038>* 

SEX I F 

0.0076 

0.0094 

0.023 

-0.0039 


(0.0052) 

(0.0074) 

(0.014) 

(0.021) 

,v 

16474 

8158 

16474 

8158 

F 

25.5 

13.6 

20.5 

106 

ft* 

0.0286 

0.031 

0.023 

0.024 


* Standard error* in parentheses. 
% Significant et the 5% level: 

* Significant et the 1% level. 


fell end the incidence of illnete in e two-week period, al¬ 
though the magnitude varied by a factor of six between fall 
and epring. Again, we have no explanation for this mult. In 
addition, the pretence of a gat stove in the bouae appeared to 
be unrelated to disease incidence. Few significant mult* 
were obtained, and for thoee that were significant the sign 
was contrary to expectation. Aj only 5% of the household* 
cooked with gas. tbeee generally inconsistent mult* are not 
particularly surprising. 

Other covariates had virtually no explanatory power, and 
were rather unstable across subpopulationa: educational lev- 
* of bead of household, sex, and mother's smoking status. In 
particular, wt found that a mother's smoking in the home 
ira* unrelated to acute respiratory disease incidence of her 
Children. However, this should not be too surprising in view 
r *i the contradictory findings on the health effect* of passive 
x smoking. 1 * 

An analysis was also carried out for illness duration as the 
dependent variable. In this case the dependent variable S lJt 
took an integer value between 0 and 14. OLS estimate* 
predicting illness duration were very similar to the result* 
presented above; that it, independent variables that were 


also signu team r . 

However, OLS estimates of truncated variables are inconsis¬ 
tent a* well as inefficient, 30 so it is especially important to 
compare the reeult* to those of a more suitable estimation 
procedure. Thus, illness duration was also investigated using 
Poisson regression, and the comparison between Poisson 
and OLS is discussed below. 

Some Problems of Estimation 

A pervasive problem in the estimation of the effects of air 
pollution on illness is that information on personal exposure 
to pollutants is rarely available. Researchers have been 
obliged to use ambient monitoring data as a proxy for per¬ 
sonal exposure, and our study is no exception to this rule 
Nonetheless, every child in our sample lived and attended 
school within a mile of a monitoring site, a relatively tight 
radius compared to most similar studies. 

Besides this measurement difficulty, there were several 
major econometric problems. These problems arose primari¬ 
ly from our desire to use a linear probability model and OLS 
as the principal estimation procedure. Convenient though it 
may be, the OLS model requires a number of assumptions of 
questionable validity for the current problem. The question 
we now examine is whether these refinements make much 
difference to outcomes. 

The first problem is that the dependent variable S,„ is 
limited to the values 0 or I (for illness incidence) or to the 
small positive integers (for illness duration). Thus, the OLS 
estimators are not efficient, and the linear probability model 
may not be appropriate in any event. 

A second problem is concerned with the functional form of 
the relationship between illness and air pollution (indeed, 
between illness and any explanatory variable). As there is no 
theory to guide the selection of functional form, we chose a 
functional form on the basis of an information criterion 
proposed by Saws. 31 

The third problem involves the structure of the distur¬ 
bance term < |;I . We examined two alternatives to the OLS 
assumption of uncorrelated disturbances: 

Autoregression: an individuals health status in one period 
may affect his or her health status in subsequent periods, in 
which case w 0 for t w t\ 

Contagion: ones health may be affected by the health of 
others, especially family members and classmates, in which 
case E< W# I w 0 for i r* i* or; * j\ 

These problems were examined sequentially. First, sever¬ 
al alternative functional forms were examined. Having se¬ 
lected a functional form, we then examined the error struc¬ 
ture. Finally, alternative estimation procedures more suited 
to limited dependent variables were investigated. 

Pwicttonal Farm 

Table IV shows the relationship between illness incidence 
and NO} for several different specifications of the pollution 
variable. The basic variable was N02MAX, the daily maxi¬ 
mum NO} reading, averaged over the two-week period (Not 
shown are specifications using average pollution variables, 
which give results inferior to the ones for N02MAX.) 

The specifications examined include the following: 

• linear specification 

• quadratic 

• cubic 

• piecewise linear functions with one break point at 100 
Mg/m 3 , two break points at 75-and 150 Mg/m 3 , and three 
break points at 75,100 and 150 Mg/m 3 . 

In all specifications, except the linear, the relationship 
between NO} and illness incidence is U-shaped. Based on 
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TabU VI. Comparison of logit and OLS model* predicting illness incidence. 


OLS_ _ Logit 


Coefficient 

Std. error 

Coefficient 

Std. error 

as 





dx 


Intercept 

0.176 

0.029* 

-1.80 

0.256 


N02MAXL 

-8.96E-4 

2.04E-4* 

-0.0067 

0.00174* 

-7:63E-4* 

N02MAXH 

161E-4 

0.68E-4* 

0.00135 

0.000595* 

1.53E-4* 

PAR90P 

-2.63E-4 

0.923E-4* 

-0.00187 

0.00082* 

-2.13E-4* 

SUL90P 

2.55E-4 

12.1E-4 

-0.00138 

0.0108 

—1.57E-4 

ACE 

-0.0062 

0.00085* 

-0.0715 

0.0074* 

-0.00814* 

CROWD 

0.150 

0 .0011* 

0.151 

0.064* 

0.0172* 

EPIDEM 

0.074 

0 .010* 

0.537 

0.087* 

0.061* 

CAS 

-0.020 

0.012 

-0.187 

0.110 

-0.020 

RAIN 

-0.0063 

0.0016* 

-0.051 

0.015* 

-0.0058* 

TEMP 

0.00164 

0.00039* 

0.0167 

0.00356* 

0.00190* 

RACE1W 

0.0540 

0.0088* 

0.542 

0.093* 

0.0526* 

CHRON 

0.0416 

0.0059* 

0.360 

0.0450* 

0.0423* 

CHESTINF 

0.0460 

0 .0102* 

0.342 

0.061* 

0.0434* 


* Significant at the 5% leveL 

* Significant at the 1% level 


tha BIC criterion proposed by Sawa, 21 the beet performer i» 
the piecewise linear specification with a break point at 100 

Mg/m 3 . 

We also tested these spline specifications against the qua¬ 
dratic specification using one of the teats described by Da- 
videonand MacKinnon 23 for non-neeted models. The result 
of this teat was as follows: When the quadratic specification 
was taken as the null hypothesis against the piecewise linear 
alternative, the null hypothesis was rejected. However, with 
the spline taken as the null hypothesis the null could not be 
rejected. Thus, the spline specification with a break point at 
100 Mg/m 3 fit the data best, and this was used in subsequent 
work. 

irrer Sbucture 

To examine the effect of possible serial correlation we 
assumed a first-order autocorrelation scheme and used a 
two-stage procedure described by Kmenta. 23 First we esti¬ 
mated the autocorrelation parameter p using OLS, and then 
reestimated the model 

( Y t - p i) - (x, - iX'-w + (f< - 

Our estimate for p was p • 0.036. In the second stage, we 
found the following results for the NO 2 variables, which, it 
will be noted, are essentially the same as Column H of Table 
III: 

S--9.35E-4 N02MAXL 

(2.12E-4) + 1.76E-4 N02MAXH + other terma 

(0.81E-4) 


with n * 14907 and F ■ 25.1 for the equation. This result 
indicated that the problem of autocorrelation could be ig¬ 
nored. 

Contagion presented a problem that we were not able to 
resolve fully, due to a lack of complete information on all the 
physical contacts among the various members of the sample. 
However, we were able to examine contagion in the home, 
one of the moat likely places where diseases may be spread. 

If contagion in the home is present, the estimated effect on 
incidence and duration of variables common to members of a 
family, such as their exposure to air pollutants, will exceed 
the true effect. To test for this possibility we compared 
regression results from the full sample to the results from a 
subset consisting of one child chosen randomly from each 
family represented in the sample (Table V). Although the 
standard errors on the former are a bit larger, (which is what 
one would expect from the reduction in sample size), the 
coefficients are quite similar. Thus, the results are probably 
not much affected by spread of disease in the home. 


t tinned Dependent Variable* 

In this section we examine whether the results depend on 
our use of OLS rather than techniques more suited to limited 
dependent variables. Specifically, we tested the linear prob¬ 
ability model against a logit model for predicting illness 
incidence, using the "C** test described by Davidson and 
MacKinnon. 22 This test showed the logit model to be superi¬ 
or in the following sense: When the null hypothesis H 0 is the 


Table VII. Comparison of Poisson and OLS models predicting illness duration. 


OLS_ _Poisson 


Coefficient 

Std. error 

Coefficient 

Std. error 

as 





dx 


Intercept 

0.352 

0.079* 

-1.62 

0.361* 


N02MAXL 

-0.00249 

0.00056* 

-0.0083 

0.0023* 

-0.00173* 

N02MAXH 

0.00043 

0.000186* 

0.00195 

0.00084* 

0.00041* 

PAR90P 

-0.0047 

0.00025 

-0.00101 

0.00120 

-0.0021 

SUL90P 

-0.0026 

0.0033 

-0.0120 

0.016 

-0.0025 

AGE 

-0.0174 

0.0023* 

-0.078 

0 .0102* 

-0.0162* 

CROWD 

0.0089 

0.0193 

0.075 

0.092 

0.0156 

EPIDEM 

0.216 

0.028* 

0.768 

0.117* 

0.160* 

GAS 

-0.032 

0.031 

-0.155 

0.158 

-0.030 

RAIN 

-0.0044 

0.0042 

0.0022 

0.0195 

0.00046 

TEMP 

0.0030 

0 .0011* 

0.0152 

0.0052* 

0.0032* 

RACE1W 

0.119 

0.024* 

0688 

0.148* 

0.114* 

CHRON 

0.091 

0.016* 

0699 

0.069* 

0.093* 

CHESTINF 

0.178 

0.028* 

0.571 

0.097* 

0.155* 


* Significant at the 5% level 
k Significant at the 1% level 
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OLS mode)and the logit mode! iirejected; however, 
•when Uie roles are reversed and Ho i» the logit model. Ho 
cannot be rejected. „ * 

For illnew duration a similar comparison was made be* 
tween OLS and Poisson regression. Again, the OLS model 
was found to be inferior, ftkmetheless, the coefficients on the 
independent varisbles Mtimated using OLS were very simi¬ 
lar to the corresponding coefficients for the logit and Poisson 
models. These coefficients are compared in Tables VI and 
VII. To facilitate comparison, the rightmost column of sach 
table is the derivative of the dependent variable of the Pois¬ 
son or logit function, evaluated at the mean of the dependent 
variable. (For discrete independent variables the entry is the 
average change in probability of illness, estimated by the 
weighted sum of the change in probability when the variable 
it added at the mean and when it ia taken away.) Even 
though OLS appeared slightly inferior to logit and Poisson 
regression in predicting illness incidence and duration, the 
qualitative results were hardly affected. 


Conduatofli 

A CHESS data base from Chattanooga, Tennessee was 
thoroughly scrutinized and found to be of high enough quali¬ 
ty to warrant epidemiological analysis. Using this date base, 
the relationship between NO? ambient pollution levels and 
acute respiratory’ disease in children was examined. Al¬ 
though a statistically significant relationship was found, it 
was not monotonic. Indeed, over the range of pollution val¬ 
ues experienced. more illness is associated with low pollution 
values than with high ones. A U-shaped relationship be¬ 
tween illness and NO? concentrations was found in several 
subpopulations in addition to the entire data set, although 
for some subpopulhtions no relationship was found. As far as 
we know, there is no clinical explanation for this result. In 
contrast, higher ambient sulfate levels were found to have a 
positive effect on acute respiratory disease incidence in chil¬ 
dren over the entire period and for different subsamples, 
although this effect was not significant for either season 
analyzed separately. 

The strange relationship between NO? concentrations and 
ARD in children could be attributable to three problems 
inherent in any epidemiological study. First, the relation¬ 
ship could be entirely fortuitous, although the odds against 
this for our study are long. Second, both illness and NO? 
could be related to some unobserved variable. However, such 
a variable must have strange properties, because for certain 
well-defined subsets, its relationship to either illness or NO? 
changes substantially. Finally, the data could still contain 
biases that create the observed effects. 

In short, there is reason to be skeptical of a U-shaped 
dose-response function relating ambient NO? levels and 
acute respiratory disease. Nonetheless, we suggest that non¬ 
monotonic doee-responee functions he explicitly considered 
in future epidemiological or clinical research on the health 
affects of NO? and perhaps other pollutants as well. 


This research was supported by the US. Environmental 
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ment Bank, and Clifford S. Russel) of Resources For The 
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tor Hasselblsd of EPA deserves our special thanks for his 
assistance in dau development. We also would like to thank 
our research assistant, Ruth Kazan. The usual disclaimer 
applies. 
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Watkins, C.J., Sittampalam, Y., Morrell, D.C., Leeder, S.R., 
Tritton, E. "Patterns of respiratory illness in the first year of 
life" British Medical Journal 293:794-796, 1986. 

ABSTRACT: This paper describes a study of respiratory 
illness during the first year of life in a cohort of infants who 
were bom between 1975 and 1978 to mothers who were registered 
with two inner London group general practices. The types of 
respiratory illness and their relation to the season of the year 
and season of birth of the child are examined. The relations among 
the frequency and type of respiratory illness and several social 
and family factors that have previously been shown to be associated 
with high levels of respiratory morbidity are also described. 
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Kerigan, A.T., Goldsmith, C.H., Pengelly, L.D. "A Three-Year Cohort 
Study of the Role of Environmental Factors in the Respiratory Health 
of Children in Hamilton, Ontario" American Review of Respiratory 
Disease 133: 987-993, 1986. 

SUMMARY: The relative importance of the effect of outdoor 
environmental factors (suspended particulates, sulphur dioxide) 
and indoor environmental factors (parental smoking, gas cooking) 
on the respiratory health of children is still unclear. To answer 
these questions, a 3-yr cohort analytic study has been conducted 
in Hamilton, Ontario between 1978 and 1981. The prevalence of 
respiratory symptoms and indoor environmental factors was determined 
by an interviewer-administered questionnaire. Pulmonary function 
measures included both the forced expiratory maneuver and the 
single- and multiple-breath nitrogen washouts. Outdoor air quality 
was measured by a comprehensive network of suspended particulate 
and sulphur dioxide monitors. There were 3,345 children 7 to 10 
yr of age studied in the first year; a response rate of 95.4%, 
3,727 in the second year, and 3,168 in the third year; 75.6% of 
the initial cohort were studied in both Year 2 and Year 3. 
Comprehensive quality control in the study included measurement of 
the repeatability of both the questionnaire and pulmonary function 
data. Repeatability was acceptable except for variables derived 
from the single-breath nitrogen washout (correlation between initial 
and repeat closing volume vital cpapcity was 0.14). Cigarette 
smoking in Year 3 was reported in 4.8% of the children. The 
distribution of other covariables was not uniform, and the 
prevalence of parental smoking and gas cooking was greatest in the 
industrial area with the highest particulate pollution. Future 
analysis of these data will require the effect of these covariables 
to be distinguished from that caused by outdoor air pollution. 
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A Three-Year Cohort Study of the Role of Environmental Factors 

in the Respiratory Health of Children in Hamilton, Ontario 

& 

Epidemiologic Survey Design, Methods, and Description of Cohort 1 '* 


ANTHONY T. KERIGAN, CHARLES H. GOLDSMITH, and L. DAVID PENGELLY 


Introduction 

Ihe study of environmental factors 
responsible for respiratory disease in chil¬ 
dren is important for 2 reasons: (/) the 
absence of confounding factors, such as 
personal smoking and occupation, 
makes the interpretation of any observed 
association between air quality and re¬ 
spiratory disease more credible; and (2) 
the growing realization that respiratory 
illness during childhood may predispose 
to the development of respiratory mor¬ 
bidity and early mortality from respira¬ 
tory illness during adult life (1, 2). 

This particular usefulness of children 
has become more important as air qual¬ 
ity has improved during the last decade 
(1970-1979) and levels become closer to 
the Ontario guidelines. For total sus¬ 
pended particulates (TSP), the Ontario 
objective (annual geometric mean) is 60 
Ug/m 3 . In 1978, the annual TSP in 
Hamilton was 77 pg/m\ For sulphur di¬ 
oxide, the objective is 0.02 ppm annual 
average and the measured level was 0.016 
ppm (3). 

Studies in several countries from 1967 
to 1978 have identified a number of en¬ 
vironmental factors that might lead to 
respiratory disease in children. The ini¬ 
tial study of the effect of the particu¬ 
late/sulphur dioxide (SO a ) complex was 
conducted by Lunn and coworkers (4) 
and showed increased prevalence of re¬ 
spiratory symptoms and reduced pulmo¬ 
nary function in areas of poor air qual¬ 
ity. Improvement in air quality led to a 
reduction in these adverse health effects 
(5), Follow-up studies in several towns in 
the United Kingdom by Melia and col¬ 
leagues (6) showed that adverse health 
effects were now extremely difficult to 
find with the further improvement in air 
quality. These studies, however, did not 
consider the possible role of parental 
smoking. 

As outdoor air quality improved, at- 


SUMMARY Ths rotative Importance of thsstfoct 'of outdoor eiwboiirnemalfoctore (suspended pea> 
ticulatee, sulphur dioxide) sod Indoor snvirooms n tsl tsetors (parental smoking, gas cooking), on 
ths respiratory health of children Is still unclear. Tb answer these questions, a 3-yr cohort analytic 
study has bean c o nducted In Hamilton, Ontario betwe en ICT and lift. The prevalence of respi re 
lory symptoms and Indoor smrlronmorrtsl tec tors was determined by an Int erviewe r ed m hti el ered 
que st ion nair e. Pulmonary function measures Included both ths forced expiratory mane uv er and 
ths single- and muHlpte-bcesth nitrogen washouts. Outdoor sir quality was me a sur ed by a compre¬ 
hensive network of suspended particulate arfo sulphur dfoxlde monltora. There were 334S chUdten 
7 to 10 yr of eg# studied In ths first year, a response rata of S&4H, 3,727 In ths second year, and 
3,161 In ths third year; 7&JH of ths Initial cohort were studied In both Vber 2 and Ybar 3. Comprehen¬ 
sive quality control In ths study Included measurement of the repeatability of both the q u estionnaire 
and pulmonary function data. Repeatability was acceptable except for var iables derived bom the 
sJngle-breeth nitrogen washout (corretotlon betw een Initial and repeat closing volume vftaf capacity 
wee 0.14). Cigarette smoking In Year 3 wee reported In 4JH of the children. The distribution of 
other eovarlabies wee not uniform, and ths prevalence of parental smoking and gas cooking was 
greatest In the Industrial area with the highest particulate pollution. Future analysis of these data 
wtH require ths effect of thees eovarlabies to be distinguished from that caused by outdoor sir podu- 
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tendon changed to indoor air quality, 
particularly in relation to parental smok¬ 
ing and indoor sources of gaseous pollu¬ 
tants such as gas stoves. The health ef¬ 
fects from parental smoking appear to 
be most marked in the first years of life 
(7), but studies of this effect on older chil¬ 
dren have not yielded consistent results, 
some showing increased prevalence of 
symptoms (8) but others showing no ef¬ 
fect (9, 10). Colley and coworkers (11) sug¬ 
gested that the effect of parental smok¬ 
ing may be due predominantly to the in¬ 
creased prevalence of parental cough. An 
effect of parental smoking on children’s 
pulmonary function has also been shown 
(12,13). The influence of gas cooking was 
first suggested by Melia and coworkers 
(14), although the effect seemed to de¬ 
crease as the children became older. In 
contrast, Keller and colleagues (15) were 
not able to find any effect of gas cook¬ 
ing on children’s respiratory symptoms. 

The uncertainty about the role of low 
levels of TSP and SO a , and their impor¬ 
tance in relation to domestic environmen¬ 
tal factors, led us in 1978 to initiate a 3- 


yr cohort study in Hamilton, Ontario 
that was designed to answer the follow¬ 
ing questions. (/) Is there an effect on 
children’s respiratory health of suspended 
particulates and SO a at the present lev¬ 
els? (2) What is the effect of the various 
factors in the domestic environment 
when considered in relation to outdoor 
air quality? 

The main study was preceded by a pi- 
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TABLE 1 

SUSPENDED PARTICULATE LEVELS BY AREA OF CITY 
(JANUARY THROUGH DECEMBER 1980) 



WU 

EU 

WL 

EL 

1C 

Total auapandad parbcutaat, apim** 

44 

43 

61 

56 

90 

TSP Load < 7.0 a. % 

70.3 

66.8 

67.9 

71.1 

62.1 

Maximal daMy avtraga, ag/m*t 

140 

146 

173 

149 

223 

Monitoring art**, n 

S 

3 

9 

4 

5 


D*Hbor\ot9bt*9**Oon* WU • w*«t upp*r quadrant; EU - Nat upp*r quadrant; WL - wnttowtr 
quadrant; EL - *wt tow quadrant; 1C • indmtrito oora 
* Auaraga of annual gaomoW c rnaan* of tf aha* tn mcA an*, 
t Aaaraga of daily maxima of aN Mm in aach araa. 


lot study (16) which demonstrated that 
whhin Hamilton, Ontario, there existed 
substantial gradients across the city for 
suspended particulates and SO, that 
would enable us to study children with 
differing exposures in the same city. This 
offered major logistical advantages in a 
design similar to that of Lunn and co- 
workers (4). During the current study, 
these gradients for suspended particu¬ 
lates continued to be present. The levels 
in each area of the city during 1980 are 
shown in table 1 in terms both of the an¬ 
nual geometric mean and of the daily 
maximum. The table also shows the 
proportion of particulate load less than 
7.0 p. Despite the increasing level of par¬ 
ticulates towards the industrial core, there 
is little change in the proportion of par¬ 
ticulate matter less than 7.0 p. 

Methods 

Design of Study 

Hamilton, with a population of approxi¬ 
mately 300,000, is a city situated at the west¬ 
ern end of Lake Ontario. The dominant geo¬ 
graphic feature is an escarpment of approxi¬ 
mately 100 m high that runs from east to west, 
effectively dividing the city into a lower sec¬ 
tion and a mountain section. The city is in¬ 
dustrial, with the heavy industrial core, lo¬ 
cated in the northeast section of the city, be¬ 
ing the dominant producer of particulate and 
SO, emissions, although there is a secondary 
SO, area source in the commercial section lo¬ 
cated in the western part of the city. Prevail¬ 
ing winds are from the southwest. 

Initial air quality monitoring during the pi¬ 
lot study had indicted the presence of sub¬ 
stantial gradients for both particulates and 
SO„ with the mountain section having lower 
levels than the lower section of the city. On 
this basis and on the knowledge of prevailing 
winds, we divided the city into 4 quadrants 
(figure 1) for the purpose of selection of the 
sample to be studied. The sampling frame was 
all public elementary schools within the city 
of Hamilton. Sample size considerations dic¬ 
tated that at least 800 children would be re¬ 
quired within each quadrant. A difference of 
5 to 7 % in the mean of a particular pulmo¬ 
nary function variable was felt to be neces¬ 


sary for biologic significance. One of the prin¬ 
cipal outcomes of interest was the measure¬ 
ment of air flow, especially at low lung 
volumes. Estimates of the mean and standard 
deviation of these variables were obtained 
from our pilot study (16) (FEV,; mean, 1.79 
L; SD, 0.36; MEF n : mean, 1.09 L/s; SD, 0.44). 
The first criterion employed in sample size 
determination was that there should be only 
a 10% chance of missing a biologic differ¬ 
ence (Beta error * 0.1). A second criterion 
was that a difference was considered to exist 
between the 2 samples if the appropriate 
statistical test showed that the observed differ¬ 
ence had only a 5% chance of occurring in 
the absence of any real difference (Alpha er¬ 
ror * 0.05). Within each of these quadrants, 
schools were randomly selected until at least 
800 children from Grades 2,3, and 4 during 
the initial school year had been included. The 
only children excluded were those older than 
10 yr of age by the end of 1978. All children 
in the required grades from the final school 
selected in each quadrant were chosen. The 
children included in the Erst year of testing 
made up the initial cohort. 

After more detailed air quality monitor¬ 
ing during the first year of the study, it was 
realized that the area of highest exposure (i£., 
TSP annual geometric mean > 60 pg/m*) was 
underrepresented, despite the initial stratifi¬ 
cation by quadrants in the original design. 
For this reason, the 3 remaining schools in 
this area were added, with all children within 
the required age interval being included. 

In addition, in the second year, all children 


Fig. L Outlina map of Hamilton. On¬ 
tario, ahowing tha 4 quadrants choaan 
In tba original dasign, and tha Industrial 
Cora (1C) (WU - waat uppar; EU - aast 
uppar; WL - wasl lowar; EL - aast 
lowrar). 


in this same age interval as the initial cohort 
who moved into a school of study were in¬ 
cluded in the study. During the third year, no 
new children were added. 

The questionnaire used in the study was 
one that we had employed in the pilot study. 
It was developed from a questionnaire used 
in a similar study in the European Economic 
Community. The questionnaire covered 
several aspects of the child's respiratory his¬ 
tory, family smoking and respiratory profile, 
certain aspects of the child’s medical back¬ 
ground, and information relating to the qual¬ 
ity of the dwelling and socioeconomic circum¬ 
stances of the family. There were differences 
between our questionnaire and that developed 
by the American Thoracic Society (17). In our 
questionnaire; a distinction was made between 
morning cough and cough during the day or 
night, the respondent being asked if the child 
usually coughed in the morning or during the 
day or night, respectively. Sputum produc¬ 
tion was not asked about. The question on 
wheezing inquired if the chest ever sounded 
wheezy or whistling. In addition, a question 
about asthmatic attacks in the previous 12 
months was included. IWo questions related 
to acute respiratory illness were included. The 
first asked about a period of cough and 
phlegm lasting for 3 wk or more and the sec¬ 
ond about any chest illness keeping the child 
home for a week or more. (A detailed ques¬ 
tionnaire is available from the writers.) In Year 
2, questions about early childhood illnesses 
were added that were derived from the ques¬ 
tionnaire designed by the American Thoracic 
Society (17). Our questionnaire was ad¬ 
ministered in the home by a trained interviewer 
to the mother or female guardian, or in her 
absence, to the father or male guardian. The 
questionnaire was administered in each of the 
3 yr of the study prior to the performance 
of pulmonary function testing. 

Pulmonary function testing was performed 
at the child’s school. Four types of pulmo¬ 
nary function tests were performed: forced 
expired maneuvers (FEV,, FVC, MEF Mi 
MEFn, and MET), spirometry (a slow vital 
capacity (VC) following quiet breathing) (VC, 
ERV), single-breath nitrogen washout 
(CV/VC, N, difference) and multiple-breath 
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TABLE 2 

CONSENT AND TESTING RATE FOR SAMPLE 



Year 1 

Year 2 

Year 3 

Eligible for interview 

3,505 

3.727 

3,168 

Interviews completed 

3.345 

3,586 

3,065 

Interview completion rate. % 

95.4 

96.3 

967 

Consents given for testing 

3.329 

3,573 

3,055 

Consent rate, % 

95.0 

95.9 

964 

Number tested c 

3.131 

3.439 

2.949 

Testing completion rate, % 

89.3 

92.3 

931 


nitrogen washout (FRt). The additional use 
of the single-breath nitrogen washout was 
justified by the study of Becklake and cowork¬ 
ers (18), who showed an increase in closing 
volume in children exposed to a high particu- 
late/SOa environment; 

Air quality was measured by a comprehen¬ 
sive particulate and SO a network. There were 
27 monitored sites for TSP using hi-vol sam¬ 
plers, with 9 additional hi-vol samplers with 
Andersen 4-stage cascade impactors for the 
measurement of mass median diameter; In 
addition, there were 16 sites for SO, moni¬ 
tored in groups of 8, using Beckman 906A 
monitors (Beckman Instruments, Fullerton, 
CA), for 6-wk periods in rotation. These sites 
were distributed throughout the city. Details 
of air quality monitoring will be contained 
in a subsequent report. 

Protocol 

In the questionnaire survey, interviewers were 
randomly assigned to eligible children at each 
school to be visited, thus ensuring that several 
interviewers would be assigned to each school. 
In addition, interviewers were rotated to 
schools in different parts of the city. The par¬ 
ents had been informed in advance by letter 
to expect a phone call'from the interviewer. 
The letter also described the purpose of the 
study as being the investigation of the child's 
respiratory health: No mention was made of 
air pollution. Each interviewer telephoned the 
parent or guardian to arrange for an appoint¬ 
ment for questionnaire administration. There 
was provision for 3 call-backs, if no contact 
was established initially, before no further at¬ 
tempt at interviewing was made. At the time 
of contact, the interviewer was able to screen 
out those children who were older than 10 
yr of age in the first year of testing. If the 
parent consented to the interview, they were 
then visited by the interviewer. The percent¬ 
age of those eligible, for whom an interview 
was not obtained, including those with whom 
no contact could be established, ranged from 
4.6% in Year 1 to 3.3% in Year 3 (table 2). 
No further attempt was made to follow these. 
Interpreters were used as necessary, but were 
required for less than 1% of the parents. At 
the end of the interview, the pulmonary func¬ 
tion test was explained to the parent or guard¬ 
ian, and written consent for the test was ob¬ 
tained at that time. The completed question¬ 
naire was then returned for coding, 
keypunching, and data storage at the Com¬ 
putation Services Unit at the Health Sciences 
Centre, McMaster University. 

Pulmonary function testing was per¬ 
formed, throughout the school year, within 
4 wk of the completion of the interview. TWo 
teams of pulmonary function technicians were 
assigned alternately to a school in the upper 
and in the lower part of the city. The testing 
routine was explained initially to all the stu¬ 
dents at an assemply and explained further 
to each child at the time of his or her testing. 
A questionnaire about smoking habits was 
also administered to the child at the time of 
testing in the third year of the study. Pulmo¬ 


nary function testing was performed using the 
Hewlett-Packard 47804A Pulmonary Calcu¬ 
lator System (Hewlett-Packard, Waltham, 
MA). In this system, flow is measured by a 
pneumotachygraph, and volume is computed 
internally by integration with time. Calibra¬ 
tion of the 2 systems used was performed twice 
daily with a 2-L syringe: Correction for am¬ 
bient temperature and pressure was performed 
internally by the computer system by enter¬ 
ing the appropriate values. After measurement 
of height and weight, the child first performed 
a multiple-breath nitrogen washout. This was 
followed by at least 3 forced expired maneu¬ 
vers. For acceptance, the 2 largest FVC values 
had to be within 5% of each other; All meas¬ 
urements were taken from the maneuver with 
the greatest sum of FVC and FE V,. Spirome¬ 
try was then performed. If the VC obtained 
was less than the FVC by more than 10%, the 
spirometry was repeated until the estimate was 
within 10%. However* if the VC was greater 
than the FVC by more than 10%* then the 
forced expired maneuver was repeated until 
the FVC estimate was within 10% of VC. Fi¬ 
nally, at least 2 single-breath nitrogen 
washouts were performed in which the expired 
nitrogen concentration was continuously plot¬ 
ted against VC. The method used was that 
of Mansell and associates (19), but without 
the additional dead space. For acceptance of 
the single-breath nitrogen washout test, the 
VC had to be within 10% of the largest previ¬ 
ous VC from spirometry. If both single-breath 
maneuvers were acceptable, then the closing 
volume from the maneuver with the greater 
VC was taken for analysis. The presence of 
an upper or lower respiratory infection was 
noted by the technician at the time of the test. 
However, the test was always performed, the 
infection data to be used at the time of analy¬ 
sis to estimate the effect of the infection on 
pulmonary function. The testing followed the 
same sequence in Years 2 and 3, except that 
in Year 3, the single-breath nitrogen washout 
was omitted because of poor reproducibility 
(see Discussion). The child was not neces¬ 
sarily tested with the same system nor by the 
same technician, but comparison of results 
from the 2 teams was performed at regular 
intervals to identify any systematic differ¬ 
ences. 

All measurements of flow and of volume 
were computed internally, with output being 
recorded by an on-line primer. Closing vol¬ 
ume, however, was computed by inspection 


of the single-breath nitrogen washout curve, 
and was taken at that point of inflection of 
the nitrogen washout curve from a line drawn 
through phase 3 of the curve (19). These results 
were then returned for coding, keypunching, 
and data storage in a manner similar to the 
questionnaire data. 

The quality control of the data gathered 
was performed in several ways. For both the 
questionnaire and the pulmonary function 
coding, a random 5% sample of the data was 
recoded by a second coder. The reliability of 
the questionnaire data was estimated by the 
random selection of 4 interviewers after each 
pair of schools was completed. For each in¬ 
terviewer, 2 interviews were randomly chosen, 
and within those interviews, 2 questions were 
randomly selected. The appropriate respon¬ 
dent was then phoned and the questions were 
asked again. Apart from estimating the relia¬ 
bility of the answers, this procedure also veri¬ 
fied that the original interview had indeed 
taken place. Interinterviewer variation or bias 
was estimated by comparing the response rates 
to certain questions obtained by each inter¬ 
viewer. These data were then examined to see 
if any differences between interviewers might 
be greater than that caused by chance alone. 
When such a difference was found, interview¬ 
ing technique was reviewed to ensure con¬ 
sistency of technique. In no case was it neces¬ 
sary to change any of the interviewing staff 
because of poor reliability. 

The reliability of the pulmonary function 
testing was estimated by the retesting of 8 chil¬ 
dren in each school, 2 children randomly cho¬ 
sen from each age group. All data from pul¬ 
monary function testing were passed through 
a range checking program after data storage, 
the range being 4 standard deviations centered 
at the mean, these interval estimates of 
parameters being derived from the original 
pilot study. Finally, we were interested in de¬ 
termining any systematic differences between 
the 2 pulmonary function testing teams. The 
presence of any differences was estimated by 
parallel line regression analysis for 4 of the 
variables measured (FVC, MEF y », MET, and 
CV/VQ. This technique used regression anal¬ 
ysis to fit a regression line separately to the 
data collected by each team; if the linear rela¬ 
tionship was the appropriate model, then the 
hypothesis that the 2 lines were parallel was 
tested. If this hypothesis was not rejected, then 
the hypothesis that the intercepts were the 
same was tested. If the second hypothesis was 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 


2023510240 


990 


YEAR II 


YEAR IH 


KERMAN, OOLDSMfTH, AND PENGEUY 


TABLE 3 

CHARACTERISTICS OF SAMPLE TESTED 


YEAR l 
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Fig. 2. Maintenance of cohort size, showing numbers 
tost by attrition And Industrial Core group added during 
Yaar2. 


not rejected then it was concluded that the 
regression lines for the 2 teams were coinci¬ 
dent (20). 

A final quality control measure was an ex¬ 
amination of the proportion of missing values 
for each variable for each team, as an indica¬ 
tor of systematic differences between the 2 
teams. The analysis and the results of these 
quality control measures will be described in 
detail in a separate report. However, the relia¬ 
bility of the questionnaire and pulmonary 
function data, and the success rates of pul¬ 
monary function testing, are described in this 
report. 

Statistical analyses were performed by sub¬ 
programs in the Statistical Package for the 
Social Sciences (21). The difference between 
sample means was tested for significance by 
subprogram / test for paired samples. Pear¬ 
son’s product-moment correlation coefficient, 
as a measure of association of 2 independent 
variables, was computed by subprogram scat- 
tergram. Hypothesis tests were all two-tailed. 

Results 

Characteristics of Cohort 
The number who were eligible for test¬ 
ing in each year of the study is shown 
in table 2. To be eligible, the child could 


Ymt 1 Year 2 Yaar 3 



(") 

<*) 

<"> 

(*> 

in) 

m 

Male 

1.611 

51.5 

1,769 

51.4 

1,513 

51.3 

Female 

1,520 


1,670 


1,436 


Caucasian 

2.876 

91.9 

3,161 

91.9 

2,723 

92.3 

Non-Caucasian 

255 


278 


226 


Tout 

3.131 


3,439 


2,949 



TABLE 4 


PREVALENCE OF DOMESTIC FACTORS BY AREA OF CITY: YEAR 2* ' 



WU 

EU 

WL 

EL 

)C 

Number 

829 

878 

741 

863 

242 

Mother smoke 

37.3 

42.5 

42.2 

482 

60.1 

Father smoke 

38.3 

43.4 

43.3 

502 

61.3 

Mother cough 

15.7 

15.0 

17.6 

17.5 

28.5 

Father cough 

22.1 

28.4 

26.1 

25.6 

404 

Gas cooking 

8.3 

8.3 

29.7 

15.6 

434 

Share room wfth 2 or more 

2.3 

3.6 

7.3 

7.0 

8.8 

Income less than $l0k/yr 

15.8 

11.3 

20.7 

15.6 

25.9 

Less than 2 yr at present address 

22.4 

19.0 

28.2 

25.6 

34.4 


For dofmiton erf abbreviations, tm tab* 1. 

* Values or* percentage*. Data mining on 35 subject* 


not have attained his or her eleventh 
birthday before December 31,1978. This 
tabic also shows the interview comple¬ 
tion rate obtained in each year. The rate, 
which was above 95% for each year* is 
considered acceptable. In addition, the 
percentage giving consent for the pulmo¬ 
nary function testing was virtually iden¬ 
tical to that giving consent for interview. 
There was, however, a degree of attrition 
after consent was given for pulmonary 
function testing, before the test was per¬ 
formed. The major reason for this was 
the child having moved from a testing 
school into a nontesting school during 
the time between consent and testing. 
This attrition was less in Years 2 and 3. 

An important feature of the study was 


the ability to follow the initial cohort into 
the second and third years of the study. 
The particular importance of this is the 
ability to measure changes in pulmonary 
function variables as the child grows. It 
is possible that the rate of change of a 
particular pulmonary function variable 
might be a more sensitive outcome meas¬ 
ure than the use of a single point esti¬ 
mate. The number of children with pul¬ 
monary function testing in Year 1 who 
were tested in Years 2 and 3 (approxi¬ 
mately 75% of the original cohort) is 
shown in figure 2. The figure also shows 
the number of children added in Year 2 
and how many of these were followed into 
Year 3. The characteristics of the chil¬ 
dren at the time of pulmonary function 


TABLE 5 

PREVALENCE OF SMOKING* 






») 




N 


8 

9 

10 

11 

12 

13 

Total 

O 

K 

co 

Any history of smoking t 
Yes 

0(0) 

57 (11*8) . 

175 (18.1) 

250(28.3) 

188 (37.8) 

37(50.0) 

707 (24.3) 

No 

3 

425 

791 

634 

310 

37 

2200 

cn 

Total 

3 

482 

966 

884 

498 

74 

2.907 

HA 

Smoking in last 4 wk* 

Yes 


2 (3-6) 

28 (16.4) 

41 (17.0) 

56(30.6) 

12 (32.4) 

139 (20.3) 

© 

No 


53 

143 

200 

126 

25 

547 


Total 


55 

171 

241 

182 

37 

686 

HA 


* Values *r* tr»qu«ncy witti percentages in parentheee* 
I'Miwmg observations. 158, 

♦ Mtssmg observations. 21. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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TABLE 6 


REPEATABILITY OF RESPIRATORY SYMPTOM QUESTIONS 


Question 

Raw Agreement 

Chance-Corrected 

Agreement 

Cough in morning 

0.92 

0* 

Cough during day or night 

0.80 

0* 

Chest wheezy or whistling 

0.80 

0.53 

Asthma m previous 12 months 

0.96 

0.76 

Cold goes to chest usually 

Cough and phlegm for 3 wk 

*1.0 

1.0 

m previous 12 months 

Absence from school for 1 wk or more 

0.95 

0* 

in previous 12 months 

1.0 

1.0 


* In Mch cam, cm marginal wm tan. malting Kappa an unrtfcabN aabmatt of chance-corrected 
agraamant. 


testing in each of the 3 yr are shown in 
table 3. There is a slight excess of males 
over females in each year, and the pre¬ 
dominant Caucasian ethnic characteris¬ 
tic of the sample is to be noted. 

Previous studies have shown that cer¬ 
tain factors other than outdoor air qual¬ 
ity can be related to the incidence or prev¬ 
alence of childhood respiratory disease 
(7,10,13). The distribution of these fac¬ 
tors in each of the 4 original quadrants, 
and also in the additional group of 


details the agreement statistics for each 
of these questions, both in terms of raw 
agreement and of chance-corrected 
agreement (Kappa). In certain cases, 
Kappa was an unreliable estimate of 
chance-corrected agreement, because one 
marginal of the 2 x 2 table from which 
the Kappa was to be computed was zero. 
Kappa ranged from a substantial level of 
0.56 to an excellent level of 1.0. The per¬ 


centage of missing values by team for 
variables derived from the 4 pulmonary 
function maneuvers is shown in table 7. 
The values are shown for Year I. The 
commonest reason for a pulmonary 
function value to be missing was that the 
child could not meet the required criteria 
for test acceptance. These results, there¬ 
fore, give a comparison of ability of the 
2 teams in obtaining successful tests for 
each test in each age group. The repeata¬ 
bilities of the lung function measure¬ 
ments in Years 1 and 2 of the study are 
shown in tables 8 and 9. There were small 
but significant differences for several of 
the measurements (FVC, MEF*,, MEF m , 
MET, and VC) in Year 1 and to a larger 
extent in Year 2. The results for Year 3 
are not displayed for sake of brevity, but 
they showed no significant differences. 
The product-moment correlation coeffi¬ 
cients for certain of these variables are 
shown in table 10 for Year 1. These range 
from 0.97 for FVC to 0.14 for CV/VC. 
The reproducibility of these tests might 
have been affected by the presence of a 
respiratory infection during either the ini- 


schools in the industrial core that were 
added in Year 2, are shown in table 4. 
In this table, a smoker is one who smokes 

1 or more cigarettes or cigars per day. The 
percentage with cough includes those 
with a positive answer to either of the 
questions: “Do you usually cough in the 
morning?” or “Do you usually cough 
during the day or night?” To simplify the 
presentation, only the results from Year 

2 are shown. However, those from Years 
1 and 3 are similar. The prevalence of 
these factors varied across the city and 
was highest in the industrial area, where 
the level of TSP was also the highest (ta¬ 
ble 1). A further, potentially confound¬ 
ing covariable was the prevalence of 
smoking by the children themselves. Be¬ 
cause the age interval in the first year was 
between 7 and 10 yr of age, we did not 
expect to find many smokers. However, 
by the third year of the study, it might 
be expected that some of the older chil¬ 
dren would have commenced regular 
smoking. We therefore administered a 
smoking questionnaire to the children at 
the time of pulmonary function testing. 
The number of children in each age group 
who stated that they had smoked at least 
1 cigarette in the last 4 wk is shown in 
table 5. 


Quality Control 

The repeatability of the respiratory symp- 


TABLE 7 

PERCENTAGE OF MISSING VALUES BY TEAM: YEAR 1 


A 9* (yr) 


Variable 

Team 

6 

7 

B 

9 

10 

11 

Total 

FVC 

A 

0.0 

1.0 

0.4 

2.1 

0.3 

2.6 

10 


B 

0.0 

3.3 

1.6 

1.3 

0.9 

3.4 

1.8 

VC 

A 

33.3 

1 Z5 

5.1 

7.5 

1.0 

0.0 

6.4 


B 

333 

11.5 

5.4 

2.4 

1.8 

3.4 

5.1 

FfiC 

A 

16.7 

5.8 

3.9 

4.8 

1.0 

0.0 

3.9 


B 

16.7 

10.4 

5.0 

1.5 

1.3 

3.4 

4.4 

CV 

A 

66.7 

49.0 

286 

238 

12.6 

5.1 

27.7 


B 

33.3 

37.4 

24.2 

14.3 

9.0 

207 

217 

N, difference 

A 

667 

49.3 

28.8 

23.8 

12.6 

5.1 

27.9 

B 

33-3 

38.5 

24.2 

14.0 

90 

20.7 

21.3 

Children tested, n 

A 

6 

304 

532 

480 

286 

39 

1*647 


B 

6 

270 

501 

456 

223 

29 

1.485 


OaflnMbn of abbreviation*:CV - doaing whim*; N, difference - increase in expired nitrogen concentration during phut III 
of *jngN-brMtft nitrogen washout. 


TABLE 8 


REPEATABILITY OF LUNG FUNCTION MEASUREMENTS: YEAR 1 


Variable 

n 

Initial 

Repeat 

t Value 

p Value 
(2-tailed) 

Mean 

SD 

Mean> 

SO 

FVC 

216 

204 

0.41 

2.07 

0.41 

-3 96 

<0001 

FEV, 

216 

1.67 

0.31 

1.66 

0.31 

1.33 

0.190 

MEF„ 

215 

2.33 

0.62 

2.14 

0.59 

3.57 

<0.001 

MEF„ 

211 

0.99 

0.36 

0.94 

0.32 

3.45 

0.001 

MET 

215 

0.57 

0.17 

0.59 

0.16 

-3.13 

0.002 

VC 

220 

2.05 

0.41 

2.08 

0.40 

-3.30 

0.001 

FRC 

210 

1.19 

0.31 

1.19 

0.29 

0.13 

0.895 

CV/VC 

166 

0.134 

0.09 

0.12 

0.078 

1.42 

0.158 

N,drff 

160 

1.04 

0.66 

1.03 

0.52 

0.13 

0.900 


tom questions is shown in table 6, which Definition Of abbreviation*-. MET - mkNxprratory time in second*. For other definition*. see tat** 7. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx-GOGO 
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Variate 

FVC 

FEV, 

MEF m 

MEF n 

MET 

VC 

FRC 

'CV/VC 

N,ditt 


TABLE 0 

REPEATABILITY OF LUNG FUNCTION MEASUREMENTS: YEAR 2 


Initial 


n 

Mean 

SD 

256 

2.37 

047 

256 

1.91 

0.36 

254 

246 

0.63 

254 

1,05 

0.34 

256 

0.59 

0.16 

255 

2.39 

0.47 

253 

1.32 

0.33 

226 

0.12 

0.06 

226 

0.88 

0.50 


Repeat 


Mean 

SD 

rvalue 

2.35 

0.51 

2.24 

1.88 

0.39 

2.66 

2.39 

0.66 

264 

1.03 

0.35 

1.49 

0.60 

0.19 

-179 

2.36 

0.49 

2.37 

1.31 

0.34 

0.37 

0.12 

0.09 

-0.13 

0.85 

044 

1.35 


For definition ol ittx*viition» in tebte* 7 and 6 


p Vaiua 
(2-la Had) 


0.026 

0.006 

0.009 

0.138 

0.75 

0.019 

0.713 

0.697 

0.178 


tial or the repeat test. The repeatabilities 
of the lung function measurements were 
therefore reanalyzed, omitting from the 
analysis any test during which the pres¬ 
ence of an upper or lower respiratory in¬ 
fection had been recorded. The results 
from this analysis are shown in table 11. 
Comparison with table 9 does not indi¬ 
cate that the reproducibility of the test 
was improved by the exclusion of current 
respiratory infections. In addition, for no 
variable was the product-moment corre¬ 
lation coefficient changed by the exclu¬ 
sion of respiratory infections. 


Dftcusslon 

This report outlines the background to 
the study that has been undertaken, the 
design of this study, and the methods that 
were used, and it describes the sample 
that was studied, both in terms of its 
characteristics and also in terms of im¬ 
portant covariables. The design of the 
study was innovative in selecting schools 
within each of 4 quadrants of the city 
in expectation that these areas would 
show different levels of air quality. How¬ 
ever, the area of the city with TSP levels 
greater than 60 pg/m J annual geometric 
mean was underrepresented when the air 
quality results from the first year were 
analyzed. This required the addition of 


3 schools in the industrial core in the sec¬ 
ond year to achieve a gradient of air qual¬ 
ity that one might expect to show an ef¬ 
fect on the child’s respiratory health. 
Financial constraints often dictate that 
air quality monitoring is done at the same 
time as the measurements of respiratory 
disease outcomes in children or in adults. 
However, without detailed prior infor¬ 
mation about the distribution of hir qual¬ 
ity gradients, modification of the design 
may be required during the course of the 
study, with the increased difficulty this 
might give in the analysis of the results. 
Random selection of schools within each 
quadrant was performed for this health 
study in the first year but not with the 
additional schools in the second year, be¬ 
cause all the schools in the industrial core 
(that is, the area of highest particulate 
levels) were chosen for inclusion in the 
study. 

The cooperation obtained from the 
Board of Education for the City of 
Hamilton and the parents of the children 
was excellent. We feel that the response 
rate in excess of 95% obtained in each 
year enables us to extrapolate any con¬ 
clusions from the sample chosen to the 
total population of children at risk. 

It was not surprising to find that the 


distribution of covariables, which might 
influence the child’s respiratory health, 
was not uniform across the city. In the 
examination of the relationship between 
levels of air pollutants and respiratory 
health, it is very important that any con¬ 
founding effect of covariables be distin¬ 
guished from the effect of air pollution 
itself. We have shown that the industrial 
area, which has the highest level of TSP, 
has also \h €highest prevalence of domes¬ 
tic smoking, parental respiratory symp¬ 
toms, and gas cooking (22). 

A further important consideration in 
the study of the effect of air quality on 
respiratory health is the previous mobil¬ 
ity of the sample being studied. As table 
4 shows, the proportion of children who 
had lived at their present address for less 
than 2 yr varied from 34.4% in the in¬ 
dustrial core to 19.0% on the eastern part 
of the mountain. This difference would 
also have to be taken into account in any 
analysis of these results. 

Cigarette smoking by the children 
themselves also becomes important in 
this particular age group as it can lead 
to respiratory disease. Tager and cowork¬ 
ers (23) showed that children’s smoking 
habits must be taken into account when 
looking at any putative effect of paren¬ 
tal smoking. Direct validation of the es¬ 
timates of smoking obtained from our 
smoking questionnaire was not per¬ 
formed. However, the percentage of chil¬ 
dren admitting to smoking in the previ¬ 
ous 4 wk does increase in the expected 
direction with increasing age. In addition, 
these data are comparable to those ob¬ 
tained by Brown and colleagues (24) in 
their survey of smoking habits in Cana¬ 
dian school children. We are therefore 
confident that these results do reflect the 
smoking habits of the children. However, 
the rate of 4.8% who had smoked in the 
previous 4 wk is unlikely to affect the in¬ 
terpretation of the results. 


TABLE 11 


TABLE 10 

PRODUCT-MOMENT CORRELATION 
COEFFICIENT OF INITIAL AND REPEAT 
ESTIMATES OF PULMONARY 
FUNCTION VARIABLES 



Year 1 

Year 2 

FVC 

0.97 

0.86 

FEV, 

0.94 

0.83 

MEF m 

0.78 

0.74 

MET 

0.72 

0.81 

RV 

0.40 

0.43 

CV/VC 

014 

0.03 


REPEATABILITY OF LUNG FUNCTION MEASUREMENTS 
RESPIRATORY INFECTIONS EXCLUDED: YEAR 1 


Variable 

n 

Initial 

Repeat 

r Value 

p Value 
(2-taiied) 

Mean 

SD 

Mean 

SD 

FVC 

159 

202 

0.41 

2.04 

0.41 

-3.47 

<0.001 

FEV, * 

159 

1.66 

0.30 

1.64 

0.30 

0.97 

0.37 

MEF m 

158 

2.26 

0.81 

2.15 

0.58 

3.26 

0.001 

MEF„ 

158 

1.00 

0.34 

0.94 

0.32 

2.99 

0003 

MET 

158 

0.56 

017 

0.58 

0.16 

-2.93 

0.004 

VC 

162 

2.03 

040 

2.05 

0.40 

-2.55 

0012 

FRC 

157 

1.17 

0.32 

1.17 

0.29 

-0.31 

076 

CV/VC 

123 

0.14 

0.08 

0.13 

0.06 

1.33 

0.19 

N, diff 

120 

1.01 

0.59 

1.06 

0.50 

-0.13 

0.90 


For definition of abbreviation*, aee t*Me* 7 end 6. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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The results of a number of quality con¬ 
trol procedures were pan of the study. 
The repeatability of the respiratory symp¬ 
tom questions was estimated only when 
those particular questions were asked 
from the randomly chosen question¬ 
naires. We thought it important to com¬ 
pute chance-corrected agreement (Kap¬ 
pa), because the raw agreement, when the 
prevalence of a particular symptom is 
low, may give a false impression of good 
agreement, when in fact most of the 
agreement is due to chance alone. For 3 
cases, Kappa could not be computed. On 
the other hand, by the criterion of Landis 
and Koch (25), agreement was substan¬ 
tial or better for the questions on asthma, 
colds to chest, and absence from school 
for more than 1 wk with a chest illness. 

It was only slightly less than substantial 
for the question on wheezing or whis¬ 
tling in the chest. 

The ability of young children to per¬ 
form pulmonary function maneuvers is 
shown in table 7, The forced expired ma¬ 
neuver was the one most successfully per¬ 
formed. In the older age groups, slow 
spirometry and the multiple-breath nitro¬ 
gen washout were equally well per¬ 
formed. In contrast, the single-breath 
nitrogen washout had a failure rate in ex¬ 
cess of 20%. This lack of success for 
this particular test did not improve in 
Year 2 and it has been our experience that 
the single-breath nitrogen washout test 
is a difficult maneuver to employ in 
large scale epidemiologic monitoring in 
children. 

In tables 8 and 9, it can be seen that 
in Years 1 and 2 there were small but sig¬ 
nificant differences between the initial 
and repeat estimates of a number of the 
pulmonary function variables that were 
not due to the presence of a respiratory 
infection. The differences were not found 
to be significant, however, in Year 3. No 
significant differences were found be¬ 
tween the initial and repeat estimates for 
the variables derived from the multiple- 
and single-breath nitrogen washout 
maneuvers. However, for these variables, 
the coefficient of variation was much 
greater than for the variables derived 
from the forced expired maneuver, and 
therefore the analysis was less powerful 
in being able to demonstrate a difference 
if one really existed. An additional meas¬ 
ure of association, the correlation coeffi¬ 
cient, was high for the variables (FEV, 
and FVC) derived from the forced expired 
maneuver, but was much less for those 
variables derived from the single-breath 
nitrogen washout. This low correlation 
reduces considerably the usefulness of 


the single-breath nitrogen washout test 
because the amount of random variation 
may well obscure any true difference be¬ 
tween samples. 

In conclusion, we have described the 
design and execution of a study of the ef¬ 
fects of environmental factors on the res¬ 
piratory health of children within a sin¬ 
gle city. The random selection and high 
response rate have ensured tharthe sam¬ 
ple is characteristic of the population of 
interest in the city. The accurate estima¬ 
tion of pollution exposure has required 
a more comprehensive network of air 
quality monitors than would normally 
be employed in a single city. The non- 
uniform distribution within the city of 
covariables, such as parental smoking 
and cough, has implications for the de¬ 
tection of the effects of suspended par¬ 
ticulates and SO„ especially when those 
effects are likely to be small at current 
levels of these pollutants. If present, these 
effects are only likely to be detected with 
samples as large as the one that we have 
studied. 

Pulmonary function testing, even ra 
the youngest of children, had a high rate 
of success with the exception of the 
single-breath nitrogen washout. We were 
disappointed with the lower rate of suc¬ 
cess of this test, its greater degree of varia¬ 
bility, and its lack of reproducibility. For 
these reasons, it was omitted from the 
Year 3 testing; we feel that its place in 
large scale epidemiologic testing has not 
been justified. 
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Strachan, D.P., Elton, R.A. "Relationship Between Respiratory 
Morbidity in Children and the Home Environment" Family Practice 3: 
137-142, 1986. 

SUMMARY: The relationships between 12 features of the home 
environment and respiratory morbidity as reported by parents, and 
as recorded in general practice records, were studied in 165 
children aged seven to eight years. Parental reports of wheeze, 
nocturnal cough and school absence owing to chest trouble were 
significantly more common among children with a family history of 
wheeze, and those from damp or mouldy housing. There were 
associations between coal fires and nocturnal cough and between an 
open window and wheeze. Multivariate analyses confirmed these 
associations to be independent of each other, and of the child's 
sex and seven other features of the home environment, including 
gas appliances and parental smoking. These same environmental 
variables were not consistently related to general practice 
consultations for wheeze or lower respiratory illness. Damp and 
mouldy housing, coal fires and open bedroom windows should be 
investigated further as potentially remediable causes of respiratory 
disease in childhood. 
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Relationship Between Respiratory 
Morbidity in Children and the Home 
Environment 


DAVID P 1TRACHAN AND ROBERT A ELTON* 

Strachan D f (Department of CommunitY Medreine, UrwverwtY of Edinburgh. Wamnder Port Road. 
Edinburgh EH91DW, Scotland) and Ehon R A. Relationship between reepiratory morbidity in children and 
tha home anvironmant. Ftm/y Prictic* 1966. 3:137-142. 

Tha relationahipe batwaan 12 faaiuros of tha home anvironmant and raapiratory morbidity aa reported by 
parents, and at recorded in general practice records, ware studied in 166 children aged seven to eight years. 
Parental reports of wheats, nocturnal cough and school abeenee owing to cheat trouble were significantly 
more common among children with a family history of wheels, and those from damp or mouldy housing. 
There were associations between coal first and nocturnal cough and between an open window and 
wheats. Multivariate analytes confirmed these associations to be independent of each other, and of the 
child's sex and seven other features of the home environment, including gat appiiancas and parental 
smoking. These same environmental variables were not consistently related to general practice consulta¬ 
tions for wheats or lower respiratory illness. Ojmp and mouldy housing, coal fires and open bedroom 
windows should be investigated further as potentially remediable causae of respiratory disease in 
Childhood. 


The role of environmental factors in the 
causation of respiratory morbidity in childhood 
is poorly understood. Hitherto, interest has 
focussed on the possible hazards of parental 
smoking and nitrogen dioxide from gas 
cookers. 1 * 4 Respiratory illness is more common 
among children who live in neighbourhoods 
classified as urban local authority housing, 9 and 
there is a widespread conviction that housing in 
some way influences respiratory health. 1 This 
paper describes an exploratory study of the asso¬ 
ciation between respiratory morbidity and 
various aspects of the home environment among 
seven- to eight-year-old children registered with a 
Scottish urban general practice serving an area of 
predominantly local authority housing. 

METHOD 

In October I983_a review was made of the general 
practice records of 198 children born in 1976 and 
registered with the West Cranton Medical Group. 


Dentnintm ot Community \Mh3Ik, Lftncrut) ot EOanburfh. 
* 2 rrenter Park Road. E4uibtirffcXH9 ID*. Scotland. 

* %Jcd*ral Computmi and Stunnt* Lmi. SwhooJ. Tmioi 

Plact. E4mbwr$h. Scotland 


Edinburgh, Scotland. This targe practice serves 
one of the most socially deprived areas of the city. 
Entries in the records with a mention of wheeze, 
rhonchi or ‘bronchospasm’ were termed 
wheezing episodes, and those with a record of 
cough, wheeze or breathlessness, or auscultatory 
signs in the chest, were termed lower respiratory 
tract illnesses. Coryza, pharyngitis and otitis 
media were excluded, but an isolated symptom of 
cough was considered as a lower respiratory ill¬ 
ness. 

In January 1984 a postal questionnaire was 
sent to the parents of the same 198 children, 
enquiring how many nights the child had been 
kept awake by coughing during the autumn term 
1983, and how many days the child had lost from 
school during the stmt term owing to chest 
trouble. These were chosen as readily quantifi¬ 
able measures of respiratory morbidity that are 
known to relate to asthma in childhood. The 
parents were also asked if their child had ever had 
attacks of wheezing (defined in the questionnaire 
as breathing making a high-pitched whistling 
sound) and. if so, whether ther had been any 
attacks over the past two years. This first 
questionnaire made no reference to interest in 
the home environment. 


137 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 


sosasios-w 



FAMILY PRACTICE—AN INTERNATIONAL JOURNAL 


138 

In April 1984 a further questionnaire was sent 
to the same parents enquiring about absence from 
school owing to chest trouble, and about 
nocturnal coughing and wheezing during the 
spring term 1984. Additional questions related to 
features of the family and home environment 
which were considered to be possible risk factors 
for respiratory disease in this age group. Twelve 
features were expressed as binary variables for 
analysis: 

1. Family history of wheeze: any first degree 
relative who had ever had attacks of 
wheezing. 

2. Family size of four or more: usually resident 
at the child’s home address. 

3. Other children in the family: usual residents 
under 16 years of age. 

4. More than one person per room: usual 
residents, rooms excluding kitchen and 
bathroom but including living rooms. 

5. Other persons sleeping in the child’s 
bedroom. 

6. Child’s bedroom unheated: usually, over the 
past six months (winter 1983-4). 

7. Child’s bedroom window left open at night: 
usually, over the past six months (winter 
1983-4). 

8. Gas: any unvented gas-fired appliance in the 
house. 

9. Coal: any coal-fired appliance in the house. 

10. Parental smoking: any person smoking more 
than five cigarettes per day while in the 
house. 

11. Damp; positive response to the question: is 
your home affected by damp? 

12. Mould: positive response to the question: is 
your home affected by mould or fungus? 

Univariate analysis was by 2 x 2 contingency 
tables. The cross-product ratio (relative odds) 
was used to express the degree of association and 
significance levels were assessed by the chi-square 
test. Multiple logistic regression analysis was 
carried out using the GLIM statistical package.’’ 

RESULTS 

Complete questionnaire data was received from 
the parents of 163 (83ft) of the children. The 
response rates were similar for those with and 
without a record of wheeze in their general 
practice notes (89ft and 81ft respectively), 
suggesting minimal bias, at least with respect to 


wheezing. Of these 163 children, 159 (96ft) had 
general practice records complete for the past two 
years, and 143 (87ft) were complete from birth. 

Risk Factors in the Home 
All but 20 of the 163 children studied lived in local 
authority housing. Investigation of the associa¬ 
tions among the 12 features of the home 
environment found that damp was significantly 
more common in homes where coal was burnt 
(x 2 >7.32, I df, P<0.0l), but not in homes using 
gas (x 2 *0.36). No significant association was 
found between a family history of wheeze and 
parental smoking or damp housing^Parenul 
smoking was, however, more common in homes 
affected by damp (x J *7.36, P<0.01). Of the 50 
homes in which damp was reported 66ft were 
also said to have mould or fungus, but only two 
families reported mould in the absence of damp. 
The local environmental health department had 
received complaints of damp or mould from only 
five of these premises, although in all five cases 
dampness was confirmed after investigation by 
the department. 

Associations with Parental Reports of Symptoms 
The parents of 33 children reported that their 
child had wheezed at some time. Of these, 31 
(94ft) were reported to have wheezed during the 
past two years and 21 (64ft) during the spring 
term 1984. Of these 33 children 22 (67ft) had 
attended their general practitioner at some time 
with wheeze, but only 16 (48ft) had done so in the 
past two years. Furthermore, a wheezing illness 
was found in the records of 27 children whose 
parents reported they had never wheezed. The 
association of parental reports and general 
practice records of wheeze was therefore not as 
strong as might have been expected. The associa¬ 
tion between general practice consultations for 
lower respiratory illness and reported respiratory 
morbidity (school absence and nocturnal cough) 
was similarly weak. 

The associations between parental reports of 
wheeze and the 12 features of the family and 
home environment were first assessed by uni¬ 
variate analysis (Table 1). Significant associa¬ 
tions were noted with a family history of wheeze, 
an open bedroom window and damp or mould in 
the house. Multiple logistic regression analysis 
including the sex of the child and these 12 features 
as explanatory variables, with stepwise removal 
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Table I Dagrae °f association (ocpmsed es rrlativt odds of morbidity) bumon whetting, school absent* and nocturnal coogh 
and II features of the home environment, based on reporting by parents 


Risk factor 

Prevalence 

(%> 

Ever wtwead 
<»*>* 

Autumn term 1963 

School Nocturnal 

absence couth 

(23%)' (49%)' 

Family history of wham 

41 

2.6* 

2.6* 

2.1* 

Family of 4 or more 

12 

1.0 

0.7 

1.0 

Other children in family 

S4 

l.l 

0.6 

0.7 

More than one person per room 

67 

1.0 

1.1 

0.6 

Others sleepini in bedroom 

31 

1.0 

1.1 

1.4 

Bedroom unhcaied 

60 

1.3 

1.1 

1.6 

Bedroom window open at nifht 

21 

3.6* 

2.2 

1.3 

Gas appliance 

69 

0.9 

0.6 

1.0 

Coal appliance 

M 

0.6 

U 

2.7 

Parental smoking 

73 

2.1 

2.9* 

1.7 

Damp 

30 

2.7* 

3.0- 

4.0— 

Mould 

21 

3.r 

2.5* 

4.6— 


• Prevalence 

•PCO.OS. ••P<0.01. •••P<0.001 


of terms, demonstrated that three factors inde¬ 
pendently contributed to the risk of wheeze: a 
family history of wheeze (x 2 *4.35. P<0.05), an 
open bedroom window (x 2 «9.76, P<0.0l) and 
mouldy housing (x J “ 9.88, P<0.01). Given these 
factors, an unheated bedroom was of borderline 
significance (0.05<P<0.1). 

Absence from school owing to chest trouble 
during the two terms of the study was reported by 
the parents of 32 (328%) of the children, with 41 of 
these absent during the autumn term. Similar 
associations were found on univariate analysis 
during each term, suggesting that additional 
questions about the home environment had not 
biassed the reported morbidity in the second 
questionnaire. The data relating to the autumn 
term 1983 are presented in Table I. A family 
history of wheeze, parental smoking and damp or, 
mouldy housing emerged as significant' risk 
factors in univariate analysis Multiple logistic 
regression analysis, using school absence during 
either term as the response variable, and the 
child’s sex arid 'the 12 features of the home 
environment as explanatory variables, demon¬ 
strated independent contributions from a family 
history of wheeze (x 2 * 10.39, P<0.0J) and mould 
( X J«7.04, P<0.0l). When parental report of 
wheeze was included as a further explanatory 
variable, only family history remained as an inde¬ 
pendent risk factor, whereas the effect of wheeze 
was highly significant (x 2 *31.4. P<0.00l). 


The parents of 90 (338%) children reported that, 
at some time during the spring or autumn term, 
their child had been kept awake by coughing, 81 
of these reporting cough during the autumn term. 
Again, the associations between environmental 
factors and reported symptoms were similar for 
each of the two terms in the study. Nocturnal 
cough during the autumn term was significantly 
associated with a family history of wheeze and 
damp and mouldy housing (Table 1). The asso¬ 
ciation with coal-burning was of borderline 
significance (x 2 *3.6, 0.03<P<0.1). Multiple 
logistic regression analysis using nocturnal cough 
during either term as the response variable, and 
explanatory variables as before, demonstrated 
independent contributions from a family history 
of wheeze (x 2 *»9.93, P<0.0l), coal (x 2 «4.67, 
P<0.03) and mould (x 2 -11.89, P<0.00l). When 
wheeze was included as a further explanatory 
variable, it made an independent contribution 
(X 2 * 11.73, P<0.001) but family history, coal and 
mouldy housing remained significant risk factors 
for nocturnal cough (P<0.03 in each case). 

In the multiple logistic regression analyses 
reported above, no significant interactions were 
found between the contributing factors, although 
with a population of this size, interaction effects 
would have to be large to reach statistical signifi¬ 
cance. Thus, the effect of environmental factors 
did not differ significantly between children with 
and without a family history of wheeze. 
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Tmu 2 Detree of association {expressed as rtiatin odds of morbidity) batman consultations for whanint illness and lower 
respiratory illnass and 12 features of the home environment, based on tenoral practice records 


Risk factor 

Prevalence 

<*) 

Wheezing illness 

Apt 0-J Age $-7 

(any) (any) 

(22%)* (13%)* 

low« respiratory tract illness 

Alt 0-5 Aft J-7 

(J or more) (any) 

(»*>* (SJA)» 

Family history of wheeze 

44 

2-9* 

1.4 

2.0 

0.9 

Family or 4 or more 

42 

3.0 

0.5 

1.2 

1.2 

Othtf children in family 

44 

1.7 

0.6 

0.5 

12 

More than one person per room 

47 

1.0 

0.7 

1.0 

0.7 

Others sleeping in bedroom 

54 

0.7 

0.9 

0.4 

0.9 

Bedroom unheated 

60 

0.7 

1.4 

0.7 

1.2 

Bedroom window open at nifht 

24 

1.3 

1.9 

0.4 

1.3 

Gas appliance 

69 

1.4 

1.0 

0.9 

1.2 

Coal appliance 

14 

1.0 

3.4 

0.4 

0.7 

Parental smoking 

75 

3.4* 

1.6 

1.3 

0.4 

Damp 

30 

2.1 

1.7 

1.2 

0.4 

Mould 

21 

2.2 

1.5 

1.0 

1.0 


• Prevalence 

•P<0.0S. «P<0.01. •••PCO.OOl 


Associations with General Practice Consultations 
for Wheezing and Respiratory Illness 
The associations between the 12 features of the 
family and home environment and general 
practice consultations for wheezing illness and 
lower respiratory illness at different ages were 
assessed by univariate analysis (Table 2). Despite 
the strong associations of certain environmental 
features with reported morbidity (Table 1), these 
same features did not, overall, increase the 
probability of consultation with respiratory ill¬ 
nesses. When consultations for wheeze during the 
first five years of life were considered separately, 
there were significant associations with a family 
history : of wheeze and parental smoking 
(Table 2). Frequent consultations for lower 
respiratory illness at ages up to four years did not 
result in a significantly greater probability of 
consultation with such an illness at age five to 
seven years (x ; *3.0. 0.05<P<0.01). These 
observations would suggest that neither current 
respiratory morbidity nor long-standing patterns 
of consultation behaviour have a great influence 
on consultations (or respiratory illness at this age. 

The lack of overlap between reports of wheeze 
by parents and in the general practice records was 
exploited to investigate whether the association 
of reported morbidity and the home environment 
was accounted for by biassed symptom reporting 
(discussed further below). Among the 132 
children whose parents denied wheeze, a recorded 
consultation for wheeze was weakly associated 


with parental smoking (odds 3.7, x*»3.5.0.05< ; . 
P<0.l), and damp housing (odds 2.S, x 1- 3.1, 
0.05<P<0.I), suggesting that the association 
between symptoms and damp housing may not be 
entirely due to reporting bias. 

DISCUSSION 

Many of the studies relating respiratory 
morbidity in childhood to environmental factors 
have relied upon reports of symptoms or 
diagnoses by parents. Reporting behaviour by 
parents may not be independent of the environ¬ 
ment, particularly when the latter varies with 
socioeconomic status or is considered by the lay 
person to be detrimental to health. In a study of 
adult respondents, 43?* of those living in areas of 
bad housing associated respiratory symptoms 
with their housing situation, whereas in areas of 
good housing only 10*» did so. 4 Here, general 
practice records provided an additional data 
source against which it was hoped to verify 
parental reports of cough and wheeze. The 
correlation between reported morbidity and 
recorded consultations was not as close as might 
have beeh anticipated, and the associations which 
emerged, often at high levels of statistical signifi¬ 
cance, between the environment and reported 
symptoms were not found with general practice 
consultations for wheeze or lower respiratory 
tract illness. 

This raises the possibility that reporting bias 
may account for some of the associations 
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-observed. Parents of symptomatic children may 
be more aware of potentially adverse environ¬ 
mental circumstances or parents who perceive 
their housing to be unsatisfactory may report 
symptoms of a different degree of severity than 
others. The design of the questionnaire survey to 
some extent guarded against such bias. The first 
questionnaire made no mention of interest in the 
home environment, enquiring only about 
symptoms. These symptoms were, nevertheless 
related to environmental variables derived from 
the second questionnaire. Furthermore, com- 
-parison of the responses toeach questionnaire did 
not suggest that inclusion of questions about the 
home influenced reporting behaviour. Also, if 
reported data were excluded, damp housing was 
still associated (albeit at borderline significance) 
with consultations for wheeze. While it is 
acknowledged that reporting bias cannot be 
entirely excluded without objective physiological 
data, it is considered unlikely that the observed 
associations are entirely artefactual. Some doubt 
must be cast on the validity of general practice 
records as indices of lower respiratory morbidity 
in this age group. 

The population studied was not representative 
of the city as a whole, but, by concentrating on an, ') 
area of predominantly local authority housing, ' 
possible correlations between housing conditions 
and socioeconomic status were minimized. 
Furthermore, a number of other aspects of the 
home environment which might be expected to 
vary with social status were controlled in the 
analysis. In this population, highly significant 
associations emerged between damp and mould 
in the house and respiratory morbidity in 
children, at least as reported by their parents. On 
the grounds of the strength of the association, its 
consistency for all measures of reported 
morbidity studied, and its persistence when a 
number of possible confounding variables are 
controlled, damp, mouldy housing deserves con¬ 
sideration as a contributing cause of respiratory 
disease in children up to seven years old. Damp 
and mould are a common cause of complaint on 
aesthetic grounds. These potentially remediable 
conditions affect an estimated 2.5 million dwel¬ 
lings in the UK* and one-quarter of Scottish 
council houses.* The possibility that they might 
be a hazard to health should be more extensively 
investigated. In this preliminary enquiry, no inde¬ 
pendent assessment of damp or mould was made, 
but future studies could objectively assess both 


relative humidity and the presence of fungal 
moulds or the prevalence of airborne fungal 
spores. 

Others have reported an association between 
damp bedroom walls and wheeze in adults 10 and a 
correlation between relative humidity in the 
bedroom and respiratory symptoms in children.” 
Dampness encourages the growth of house dust 
mites, but it is unlikely that they are of actio- 
logical significance in more than a few children 
with mite-sensitive asthma. 12 Most children who 
wheeze in early childhood eventually develop 
atopic reactions on skin-tests to common inhaled 
allergens,” and it is possible that fungal spores 
from mould may react with sensitized bronchi to 
cause both cough and wheeze. Exercise is a 
common precipitating cause of wheeze in the 
asthmatic child, but the available evidence 
suggests that a damp environment should have a 
protective effect. 1 * 

At the age of seven years, however, few 
children exhibit atopic skin test reactions,” and 
only half of the children with recent wheeze in 
this study were said to have attacks precipitated 
by exercise. Most episodes of wheeze in early 
childhood are thought to be precipitated by 
infection, and in at least half of cases a virus can 
be isolated.” It has been suggested that high 
relative humidity may encourage the transmission 
of viruses in droplet spray.” 

The association of an open bedroom window 
with wheeze, but not with school absence or 
nocturnal cough, raises the possibility that this is 
a response by parents to the child’s symptoms, 
rather than a factor of aetiological importance. 
In view of the likelihood that opening the window 
would raise the relative humidity of the room, 
such a response may be inappropriate." The 
association of coal-fired appliances with cough is 
based on a small number of coal-fired homes but 
may warrant further consideration. 10 -” Although 
unvented gas appliances have been associated 
with respiratory symptoms in some studies of 
children of this age, 2 the relative risks quoted are 
small and might not be detected as significant in a 
study of this size. The data presented here do not 
support the hypothesis that greater condensation 
occurs in homes with gas cookers.* Parental , 
smoking emerged as a less significant factor than 1 
might have been supposed, *■* but the analysis 
excluded the possibility that either smoking or gas 
fumes could account for the observed association 
between damp, mouldy housing and lower respir- 
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ttory morbidity in this simple of primary school- 
children. 

acknowledgements 

Thanks are due to the partners of the West 
Granton Medical Group for permitting analysis 
of their records; to Mr A. Turner, Director of 
Environmental Health, City of Edinburgh 
Council for information concerning complaints 
about damp; to Dr M. Fulton for advice through¬ 
out the study; and to Prof M. Garraway and Dr 1. 
Grant for comments on an earlier draft of this 
paper. 

REFERENCES 

1 Ware J H. Dockery D W, Spiro A (til). * at Passive 

smoking, gas cooking and respiratory health of 
children living in six cities. Am Rev Resptr Dts 1914; 
12* >66-373. 

2 Chariton A. Children's coughs related to parental smoking. 

Br Med J 1984; 2SS: 1647-1649. 

I Melia R J W, Florey Cdu V. Chinn S. The relation between 
respiratory illness in primary schoolchildren and the 
use of gas for cooking. 1: Results from a national 
survey. Ini J Epidemiol 1979; 8: 333-338. 

4 Fldrey C du V. Melia R J W, Chinn S. et at. The relation 
between respiratory illness in primary schoolchildren 
and the use of gas for cooking. Ill: Nitrogen dioxide, 
respiratory Hlness and lung function. Ml J Eptdemioi 
1979; I: 347-353. 

* Morgan M, Chinn S. ACORN group, social class and child 
health. J Epidemiol Communuv Health 1983; 31: 
196-203. 


• McCarthy P. Byrne D, Harrison S. Kehhiy J. Respiratory 

conditions: effect of housing and other factors. J 
Epidemiol Community Health 1983; J* 13-19. 

7 CLIM Manual. Oxford: Numerical Algorithms Group, 
1974. 

v* Sanders C H. Cornish i P. Dampness: one «*ek's 
complaints in five local authorities in E»g i»nd and 
WaJen London: HMSO. 1982. 

* Scottish^ Development Department Building Directorate. 

Condensation in housing: a report on local authority 
returns, survey results and remedial measures. 
Edinburgh: Scottish Office. 1964. 
u Burr M L. St Leger A S. Yarned J W G. Wheezing, 
dampness and coal fires. Community Mad 1911; 3: 
205-209. 

" Melia R i W. Florey C du V, MorrisRW.es#/. Childhood 
respiratory illness and the home envi r o nm ent. II: 
Association between respiratory illness and nitrogen 
dioxide, temperature and relative humidity, int J 
Epidemiol 1982; IK: 164-169. 

12 Burr M L, Dean B V. Merrell T C.rr at. Effects of anti-mite 
measures on children with mite-sensitive asthma: a 
controlled trial. Thorax 1980; >5: 306-312. 

» McNicol K N. Williams H. Spectrum of asthma in children. 

II: Allergic components. Be Med J 1973; 4:12-16. 
w Bar-Or O. Neumann I. Dotan R. Effects of dry and humid 
climates on exercise-induced asthma in children and 
pre-adolescents. J AUtrgy Clin Immunol 1977; 60 : 
163-168. 

*5 Horn M E C. Reed S E. Taylor P. Role of viruses and 
bacteria in acute wheezy bronchitis in childhood: a 
study of sputum Arch Dts Child 1979; 34: 3I7-J92. 

>* Kingdom K H. Relative humidity and air-bome infeaions. 

Am Rev Resptr Dts I960; II: 304-512. 

17 Douglas J W B, Walter R E. Air pollution and respiratory 
infections in children* Br J Prav Soc Med 1966; 20: 
1 - 8 . 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 


8S20TSCS02 



Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 










Anderson, H.R., Bland, J.M., Peckham, C.S. "Risk Factors for Asthma 
up to 16 Years of Age" Chest 91(6): 127S-130S, 1987. 


SUMMARY: From a national cohort of 8,806 children examined at 
ages seven, 11 and 16 years (National Child Development Study), 
data on asthma or wheezing illness (AW) were analyzed to describe 
its natural history in childhood and its risk factors. Factors 
found to predict the subsequent onset of asthma included male sex 
of child, mother's age at the child's birth, pneumonia, whooping 
cough, tonsillectomy/adenoidectomy, allergic rhinitis, eczema and 
periodic abdominal pain/vomiting attacks. A wide range of perinatal 
factors, including feeding practices, and social and family factors 
were shown to have no effect on natural history. 
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Risk Factors for Asthma UD to la* mtl* 17 U.SJftOk-I^etime IncidencecfMhmo or Whetung 

16 Years of Age* _ 


Evidence from a National Cohort Study 

H R. Andmon, M D , / M Bland, fh.V.; and 

C. S. Jbdkham, M D. 

From • nation*) cohort of 8,806 children examined at ages 
seven, 11 and 16 years (National Child Development Study V 
data on asthma or wheezing illness (AW) were analyzed to 
describe its natural history in childhood and its risk (actors. 
Factors (bund to predict the subsequent onset of asthma in¬ 
cluded male sex of child, mothers age at the child's birth, 
pneumonia, whooping cough, tonsillectomy/adenoidec- 
tomy, allergic rhinitis, eczema and periodic abdominal pain/ 
vomiting attacks. A wide range of perinatal (actors, includ¬ 
ing feeding practices, and social and family factors were 
shown to have no effect on natural history. 

M uch of the existing epidemiologic evidence about the 
etiology of asthma rests on prevalence and follow-up 
studies and there is a serious lack of population-based cohort 
data. The National Child Development Study -CDSf 
originated in the National Perinatal Study* and went on to 
become a multipurpose cohort study of child development 
including health. While it was not designed specifically to 
study the epidemiology of asthma, it is nevertheless possible 
to obtain valuable information relating to the natural history 
of asthma. This article describes some of the findings from 
our analysis of NCDS data which have implications for the 
etiology of asthma. 

Materials and Methods 

The NCDS folfowed-up set ages seven. U and 16 all children in 
England. Scotland and Wales bom during ooe week of March. 1958 
At each follow-up information about current or past asthma or 
wheezing illness was obtained as part of a structured questionnaire 
on medical and other topics administered to parents by health 
visitors. The wording of the asthma questions varied at each inter¬ 
view but it was nevertheless possible to classify subjects at each 
interview into three categories: no asthma or wheezing, previous 
asthma or wheezing but not in the past 12 months, and current 
asthma or wheezing (symptoms reported in the past 12 months). 
Rased on these three possibilities at each of three interviews. 27 
mutually exclusive natural history categories can be created Some of 
these contain small numbers or are of limited clinical or epidemio¬ 
logic interest, and so for the purpose of the present analysis a 
collapsed classification of six natural history categories was used 
These natural history categories were analyzed in relation to 
medical and social data collected at each of the follow-up medical 
examinations and home interviews Factors that have previously 
been reported to be associated with asthma ot wheezing were 
selected together with those considered likely to influence the 
natural history of asthma. 

The overall association between a variable and the natural history 
category was tested using the Chi-squared test or one-way analysis of 
variance as appropriate Where there was a statistically significant 

*From the Department of Clinical Epidemiology and Social Medi¬ 
cine. St, Georges Hospital Medical School, ana the Department of 
Epidemiology. Institute of Child Health. London. England 
wpnnt requests Dr And*non, Clinical Epidemiology and Social 
Mediant. Sf Ceorgei Hospital Medical School. Cronmrr Terrace, 
Won SW J7 ORE, England 


Age at interview 

(yn) 

Asthma or wheezing at 
any time in past (percent) 

Croas-tectionaJ 

Cumulative* 

7 

18.3 

18.3 

11 

12.1 

219 

16 

116 

24.7 


•Using information from previous interviews 


Table 1—Prevalence of Asthma or Wheezing m 
12 Month* Preceding Interview (n* 8,806) 


Asthma or Wheezing in 
past 12 months (percent) 


Afe at interview 

(yn) 

Croas-sectaonal 

Cumulative* 

7 

8.3 

83 

11 

4.7 

10.7 

16 

3.5 

11.1 


•Using information from previous interviews 


overall association, the relative risks of each natural history category 
were calculated. The statistical significance of the relative risk was 
tested by calculating 96 percent confidence intervals. 

Results 

Data on asthma or wheezing were obtained at all three 
ages for 8,806 of the original NCDS cohort of over 15,000 
children living in England, Scotland and Wales and available 
for follow-up at seven yean. 

The reported lifetime incidence of asthma or wheezing is 
shown in Table 1. Using data from all three interviews, a total 
of 24.7 percent of children had experienced asthma or 
wheeze by the age of 16 years. When questioned at age 16 
years, however, the proportion reporting past asthma or 
wheeze was less than half this figure (11.6 percent). The prev¬ 


ia ble 3—Prognosis of Asthma or W hatting kf Current 
(paat 12 months) at Age 7 fn*731) 


Persistence of AW and 
•«e (ynV 

Percent of 7 year-olds who 
reported current AW 

Current at 11 

28 3 

Current at 16 

16.3 

Current at 11 and 16 

10.5 

Current at 11 or 16 

34 1 

Not current at 11 or 16 

65.9 


Table 4 —Satural History Categoric* fn* 8,806) 


Percent 

Category' of sample 


Never had asthma or wheezing 75.3 

Onset before age 7 but not current at 7 or 8 6 

reported subsequently 

Current at age 7 but not reported subsequently 5 5 

Onset age 0 to 7 and also reported at 11 or 16 4 2 

Onset age 8 to 11 3 6 

Onset age 12 to 16 2 8 
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Table 5— Factor* Predicting the Onset of Asthma or Wheezing 


Natural history 


Predictive factors 

Overall X s 

P value 

Relative 
risk of: 

By age 7 
not after 

At age 7 
not after 

Age 0-7 
and after 

Age 8-11 
onset 

Age 12-16 
onset 

Perinatal 








Ses of child 

<0.001 

Boy: girl 

1.1 

1.2 

1.4* 

1.3* 

1.4* 

Mothers age 

<0.001 

15-19: 20-29 yn 

1.4* 

1.5* 

U 

1.9* 

1.7* 



15-19: 30+ yn 

1.6* 

1.3 

1.3 

1.9* 

2.0* 



20-29: 30+ yn 

1.2 

0.9 

1.1 

1.0 

1.2 

Smoking in pregnancy 

<0.001 

Smoker: Non-smoker 

1.3* 

1.2 

0.8 

1.0 

1.0 

Region of childs 

<0.01 

North: Centre 

0.7* 

0.9 

0.9 

0.7 

1.0 

birth 


North: South 

0.8* 

0.9 

1.0 

0.9 

1.0 



Centre: South 

1.1 

1.0 

1.0 

1.2 

10 

Assessed at 7 








History of pneumonia 

<0.001 

Yet: No 

2.0* 

2.0* 

43* 

1.5 

18* 

Tonsillectomy/ 

<0.001 

Yes: No 

1.3* 

1.2 

1.2 

1.2 

1.4* 

adenoidectomy 








Eczema in 1st year 

<0.001 

Yet: No 

1.2 

1.4 

5.4* 

1.7* 

1.5 

Eczema after 1st year 

<0.001 

Yes: No 

U 

1.3 

4.7* 

1.3 

1.7* 

Eczema on Dr. exam. 

<0.001 

Yes: No 

0.8 

n 

4.9* 

1.6 

2.1* 

Hayfever or sneezing 

<0.001 

Yes: No 

1.3 

2.0* 

7.1* 

1.5 

1.7* 

ever 








Periodic vomiting or 

<0.001 

Yes: No 

1.2* 

1.4* 

1.8* 

0.8 

14* 

bilious attacks ever 








Periodic abdominal 

<0.001 

Yes: No 

1.4* 

1.3* 

1.5* 

0.9 

1.4* 

pain ever 








Assessed at U 








Whooping cough ever 

<0.001 

Yes: No 

1.2* 

13* 

1.4* 

1.4* 

1.4* 

Eczema in p*st year 

<0.001 

Yes: No 

1.2 

1.2 

4.2* 

1.9* 

1.7* 

Hayfever or allergic 

<0.001 

Yes: No 

1.0 

1.2 

5.2 

2.2* 

1.9* 


rhinitis in past year 


•P<0.05 


alence of current asthma was highest at seven yean (8.3 per- 
cent) but had fallen to 3.5 percent at 16 yean (Table 2X At 
each interview, the lifetime and current rates for the present 
cohort (those with data available at all interviews) were simi¬ 
lar to those among subjects interviewed only once or twice. 
Of those with current symptoms at seven, 28 percent re¬ 
ported current symptoms at 11 yean, 16 percent at 16 yean 
and U percent at both ages (Table 3). 

For the purpose of analysis, the 27 patterns of question¬ 
naire response were collapsed into the six categories de¬ 
scribed in Table 4. 

From an etiologic standpoint two types of relationship 
could be discerned. In the first, a given factor was assessed 
prior to the onset of asthma or wheeze, and could therefore 
be considered predictive. In the other; the order of occur¬ 
rence of the factor and the onset of asthma or wheezing could 
not, from the data available, be shown to be predictive be¬ 
cause the assessment of both factors was concurrent Most 
factors found to be predictive are shown in Thble 5 together 
with their relative risks. Any concurrent associations for 
these variables are also shown. Of the perinatal factors the 
most prominent was sex of the child and the mothers age at 
birth of the child. M ulti&ctorial analysis was done to explore 
whether social class or breast feeding might explain this latter 
relationship, but this was not the case. 

Of the factors assessed at seven or U years, the main ones 
predicting subsequent onset of asthma or wheezing were 
atopic conditions—eczema or allergic rhinitis—and (at 


seven years only) periodic vomiting or abdominal pain. A 
history of pneumonia (at seven yean) and whooping cough (at 
U years) were also predictive. Previous tonsillectomy or 
adenoidectomy reported at age seven yean predicted onset 
in adolescence (though not when reported at 11 yeanX 

Those factors which were concurrently associated with 
asthma or wheezing but not predictive are shown in Table 6. 
They mainly comprise upper and lower respiratory condi¬ 
tions but also include 6ts or convulsions in the fint year (but 
not continuing into later life), enuresis, headaches and one 
advene socioeconomic factor—sharing of one or more 
household facilities. 

Those factors not associated with natural history are listed 
in Table 7. Notably, these included breast feeding, social 
class and • variety of indicators of socioeconomic circum¬ 
stances and family stress. 

Assessment of smoking in the household was inadequate, 
available only for the mother while she was pregnant and for 
both parents when the child was 16 yean old. Smoking in 
pregnancy was associated only with an increased relative risk 
of asthma or wheeling during the early years of life and smok¬ 
ing by one or both parents reported when the child was 16 
years was not related. At 16 yean, the child's own smoking 
habit was unrelated to the presence of asthma or wheezing. 

Discussion 

The National Child Development Study was not designed 
to examine the etiology of asthma and there are a number of 


12ftS 


mimaofW Wbrtuncp on Etotogy Aa*ma 
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Table 6—Foctort Concurrmtly Associated with Asthma or Whetzm^ but not Prsdiet&e 


Concurrent factors 

Overall x 1 

P value 

Relative 
risk of: 

By 7 
not after 

At 7 

not rter 

Natural history 

0-7 

and after 

8-11 

onset 

12-16 

onset 

Assessed at 7 yrs. 

Household facilities 

<0.008 

Shared .not shared 

1.1 

1.5* 

0.9 

1.0 

0.8 

Whooping cough ever 

<0.001 

Yes: No 

1.4* 

1.2 

1.4* 

1.2 

1.3 

Throct/ear infections with 

<0 001 

Yes: No 

1.2 

1.6* 

1.4* 

0.7 

1.0 

fever >3 in past yr 
Running ears ever 

<0.03 

Yes: No 

1.3* 

1.3 

09 

1.0 

1.2 

Fits or convulsions 

<0.001 

Yes; No 

12 

1.8* 

27* 

1.0 

0.6 

to 1st year 

Wet by day after 3 yrs 

<0.004 

Yes: No 

1.2 

1.7* 

1.0 

1.5 

1.2 

Wet by night after 5 yrs 

<0.001 

Yes: No 

1.5* 

1.2 

1.0 

1.2 

1.1 

Assessed at U yrs. 

Household facilities 

<0 05 

Shared; not shared 

1.0 

1.4* 

1.1 

0.8 

1.1 

Recurrent throat/ear 

<0.001 

Yes; No 

1.1 

10 

1.5* 

1.7* 

1.1 

infections in past yr 
treated by Dr 

Discharging ears in 

<0.07 

Yes: No 

1.2 

1.3 

1.8* 

16 

0.7 

past year 

lonsils/adenoids removed 

<0.001 

Yes; No 

1.2* 

1.3* 

1.2 

1.2 

1.0 

Eczema on examination 

<0001 

Yes: No 

0.8 

1.1 

4.9* 

i.6 

21* 

(Dr.) 

Recurrent headaches or 

<0.001 

Yes: No 

1.2 

1.1 

1.6* 

12 

1.1 

migraine past year 
Recurrent vomiting 

<0.09 

Yes: No 

10 

1.5* 

13 

1.5 

1.0 

or bilious attach in 
past year 









•P<0.05 


inadequacies in the nature and timing of both the assessment 
of asthma and wheezing and of etiologic factors. Against this 
is the advantage that these data relate to a national represent- 
ative sample and contain a substantial number of subjects 
followed*up over a long time. 

By including all children with reported asthma or wheez¬ 
ing, however mild, the present analysis may have missed 
associations that relate only to more severe asthma or 
wheezing, which is the main concern in medical practice. 
The data do, however, allow a simple grading of severity and 
this is being analyzed at present 

Considering the logistics of such a national cohort study, 
the response rate far information about asthma or wheezing 
on all three occasions of 59 percent of the original NCDS 
cohort could be judged as successful. Nevertheless, this 
raises the possibility of bias, which has been examined in 
detail. 3 It would appear that this is unlikely to have biased our 
results for relative risks or incidence and prevalence esti¬ 
mates. At any particular age, the prevalence rates among 
children for whom we had linked data were similar to the 
rates among those not seen on each occasion. The 12-month 
prevalence rates observed at age seven yean were similar to 
those of other population surveys which have included all 
wheezing illnesses. 4 * 

As far as etiology is concerned, the most important find¬ 
ings in this study a.*e those relating to factors which predicted 
or did not predict the later onset of asthma or wheezing. 
Among the perinatal factors a new and possibly important 
finding was that the risk of all natural history categories apart 
from persistent asthma or wheezing (reported on all three 


occasions) was increased in children of mothers who were 
under 20 yean of age at the birth of die child. This was 
independent of social class or breast feeding (which were 

Table 7—Factors Not found to Be Predicts!* or 
Concurrently Associated with Asthma or Whsezsng 

s=‘isj-=., ... - , ■ - ■T-a-.j —■■■=■ v ..J .- = 

Perinatal 

Birth weight 
Gestational age 
Parity 

Breast/bottle feeding 
Birth order 
Rank in family 
Social class 
Assessed at 7 

Crowding in household 
Number of children in household 
Tenure of accommodation 
Social dais 

Separation from mother 
In local authority care 
Absence of one or more biological parents 
Previous measles 
Assessed at U 

Previous measles 
Social class 
Assessed at 16 

Age at menarche 
Pubic hair rating (boys) 

Smoking of child 
Smoking of parents 
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unftttocuted with natural history «nyw*y). Further analysis 
found that the effect of maternal age existed within the 16 to 
19-year-okl age group as well. This finding needs to be 
confirmed by other studies and we can offer do plausible 
theory to explain it 

The increased risk of asthma or wheezing in boys agrees 
with other studies/ though our results differ from most in 
that the effect of male sex did not diminish as the age of onset 
of asthma increased. 

The question of whether breast feeding protects against 
childhood asthma is of great importance since, if true, it 
would offer insights into etiology and a method of prevention. 
The evidence is patchy, but a prospective study by Blair* 
found that asthma was more likely to persist in those who 
were bottle fed Our results do not confirm this finding, nor 
was any other effect of infant feeding practice on natural 
history apparen t) 

The association between natural history of asthma or 
wheezing and other atopic conditions confirms the abundant 
evidence from other prevalence and case-control studies. 
Additionally, however; we have demonstrated that periodic 
abdominal pain or vomiting attacks are also predictive and 
that headaches or migraine are an important concurrent asso¬ 
ciation, though felling just short of significance as a predictive 
fectot Such associations have also been observed in a 
separate prevalence stud/ and can no longer be regarded as 
speculative. We feel that elucidation of die nature of these 
associations is an important research priority. 

The last group of factors found to predict the onset of 
asthma or wheezing in adolescence were chest infections 
(pneumonia and whooping cough) and this finding has an 
important bearing on the question of whether and bow early 
childhood chest troubles may predispose to chronic lung dis¬ 
ease in later life as indicated in a previous prospect i ve* and 
retrospective study." 

There are various explanations for the associations we have 
observed. The report of pneumonia or whooping cough may 
have been a mistaken diagnosis for what was in reality 
asthma. Chest infection may have led to the later onset of 
asthma by creating some predisposition which remained 
latent until adolescence. Both chest infections and asthma 
may have a common environmental cause or may be the 
result of a common predisposition via some kind of general 
“chesty" tendency. Perhaps die asthmatic tendency itself 
could predispose to chest infections and in some circum¬ 
stances the chest infection might be expressed prior to the 
first attack of asthma. 

Data about wheezing symptoms and chronic productive 
cough have been collected from this same cohort at the age of 
23 years. Analysis of this additional information should pro¬ 
vide further important evidence concerning the origins of 
both asthma and chronic bronchitis. 

Conclusions 

The National Child Development Study is an important 
source of nationally representative longitudinal data. While 
not specifically designed to study asthma, analysis of the data 
has elucidated a number of factors that predict the subse¬ 
quent onset of asthma. These include male sex of the child, 
mothers age at child's birth, pneumonia, whooping cough, 
tonsillectomy/adenoidectomy, allergic rhinitis, eczema and 

DOB 


periodic abdominal pain/vomittmg attacks. 
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Occupational Asthma 

Moire Chen-Yiufig, M B.,* and/sen-tec Melo, M.D.t 

This article reviews recent developments in the study of 
occupational asthma and implications for the overall under¬ 
standing of asthma. Occupational asthma is a clinical syn¬ 
drome caused by many different agents. Contribution of 
studies of experimental inhalation challenge using occupa¬ 
tional agents to the knowledge of asthmatic reactions and 
their mechanisms is discussed. Investigations in the occupa¬ 
tional environment into predisposing factors and per¬ 
sistence or recovery after exposure to an allergic agent or 
nonspecific irritant are reviewed. Approaches to diagnosing 
asthma in the occupational environment and to allotting 
functional impairment and disability are outlined. Direc¬ 
tions for future research are identified. 

Studies in occupational asthma have provided considerable 
O insight into the various etiologic factors, possible patho¬ 
genetic mechanism and, to a certain extent, the clinical 
course of asthma. For die purpose of this presentation, 
occupational asthma will be defined as asthma caused by a 

•From the Respiratory Division, Department of Medicine. Van¬ 
couver General Hospital. University of British Columbia. Van¬ 
couver 

tDepartment of Cbe»t Medicine, Hftpital du SacH-Coeui, 
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Fleming, D.W., Cochi, S.L., Hightower, A.W., Broome, C.V. "Childhood 
Upper Respiratory Tract Infections: To What Degree Is Incidence 
Affected by Day-Care Attendance?" Pediatrics 79(l):55-60, 1987. 

ABSTRACT: Risk factors for acute upper respiratory tract 
disease in childhood were evaluated in a population-based sample 
of the Atlanta metropolitan area. Mothers from 449 households 
containing 575 children less than 5 years of age were selected by 
random-digit dialing and questioned about upper respiratory tract 
infection and ear infection occurring in their children during 
the preceding 2 weeks. Household demographic and socioeconomic 
characteristics, maternal smoking history and child day-care 
attendance and breast-feeding information were also obtained. For 
children less than 5 years of age, the reported incidence of upper 
respiratory tract infection was 24%, and of ear infection, 6%. 
Controlling for the other variables measured, day-care attendance 
was associated with a significantly increased risk of both 
illnesses. For upper respiratory tract infection, increased risk 
was present for all children attending daycare (P = .02, odds ratio 
= 1.6), whereas for ear infection, risk could be demonstrated only 
for full-time attendees (P = .005, odds ratio = 3.8). Maternal 
smoking was a second independent risk factor for a child's having 
upper respiratory tract infection (odds ratio = 1.7, P = .01). 
Thirty-one percent of all upper respiratory tract infection among 
day-care attendees and 66% of all ear infections among full-time 
day-care attendees were attributable to day-care attendance. Given 
the proportion of children in day-care, 9% to 14% of the total 
burden of upper respiratory tract disease in this population was 
daycare related. As use of child day-care facilities has 
increased, this specific exposure has become a major factor 
contributing to transmission of acute upper respiratory tract 
disease in childhood. 
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ABSTRACT. Risk factors for acute upper respiratory tract 
disease in childhood were evaluated in a population-baaed 
sample of the Atlanta metropolitan area. Mothers from 
449 households containing 575 children less than 5 years 
of age were selected by random-digit dialing and ques¬ 
tioned about upper respiratory tract infection and tar 
infection occurring in their children during the preceding 
2 weeks. Household demographic and socioeconomic 
characteristics/ maternal smoking history and child day¬ 
care attendance and breast-feeding information were also 
obtained. For children lew than 5 years of age. the 
reported incidence of upper respiratory tract infection 
was 24% t and of ear infection. 6%. Controlling for the 
other variables measured, day-care attendance was asso¬ 
ciated with a significantly increased risk of both illnesses. 
For tipper respiratory tract infection, increased risk was 
present for all children attending day care (P • .02, odds 
ratio ■ 1.6), whereas for tar infection, risk could be 
demonstrated only for full-time attendees (P • .005, odds 
ratio - 3.8). Maternal smoking was a second independent> 
. risk; factor for a child’s having tipper respiratory tract 
^infection (odds ratio - 1.7, P « .01). Thirty-one percent 
of all upper respiratory tract infection among day-care 
attendees and 66% of all tar infections among full-time 
day-care attendees were attributable to day-care attend¬ 
ance. Given the proportion of children in day care, 9% to 
14% of the total burden of upper respiratory tract disease 
hi this population was day care related At use of child 
day-care facilities has increased this specific exposure 
has become a major factor contributing to transmission 
of acute upper respiratory tract disease in childhood 
Pediatrics 1987;79:55-60; upper respiratory tract infec¬ 
tion, day-cart attendance. 


Infections of the upper respiratory system are the 
most common illnesses affecting children leaa than 
6 yean of age in the developed world Although 
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these illnesses, including acute upper respiratory 
tract infection and otitis media, may occasionally 
progress to more severe disease, most often they 
are self-limited Despite their relatively benign na¬ 
ture. however, upper respiratory tract infectious 
illnesses are important causes of childhood morbid¬ 
ity, and their treatment consumes a substantial 
portion of available health cart resources. 1 

During the past decade, it has been demonstrated 
that risk of a number of childhood infections, in¬ 
cluding hepatitis, 3 diarrheal diseases * and invasive 
Haemophilus influenzae* is increased by day-care 
attendance. During this same time, the number of 
children younger than 5 yean of age in the United 
States who are enrolled in day care has undergone 
a dramatic increase. 1 Although several studies have 
suggested that the risk of upper respiratory tract 
disease may be increased for some day-care at¬ 
tendees, 1 the importance of this association has 
not been well defined 

In this study, we examined risk factors for acqui¬ 
sition of infections of the upper respiratory system 
in children less than 5 years of age and specifically 
evaluated the role played by day-care attendance. 
Using population-based date, we determined the 
amount of illness attributable to this increasingly 
common childhood exposure. 

METHODS 

A cross section of all households containing chil¬ 
dren less than 5 years of age in Atlanta was sur¬ 
veyed by telephone from mid-July through mid- 
September 1984. 

Sampling Procedure 

Telephone numbers consisting of prefixes serving 

the study area and four randomly selected final 
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digits were generated by computer. Every possible 
telephone number in the seven counties composing 
tbe metropolitan ares (population 1.9 million) bad 
an equal likelihood of being selected and called; no 
cal)-clustering techniques were used. Each number 
selected eras called at least twice during business 
hours and at least six times during evenings and 
weekends before being discarded. Only households 
with children less than 5 years of age were enrolled. 

Questionnaire Administration 

Using a standardized questionnaire, trained in¬ 
terviewers obtained informed consent and then col¬ 
lected information from tbe guardian of the chil¬ 
dren in the household, preferably the mother. Data 
obtained included household demographic and so¬ 
cioeconomic characteristics, current maternal 
amoking history, and current breast-feeding and 
day-care attendance information for all children 
less than 5 years of age. All children within a given 
household were enrolled to ensure that our sample 
accurately represented all children in the study area 
with respect to household size and other related 
characteristics. A 15% sample of completed ques¬ 
tionnaires was validated with a follow-up telephone 
call; no child’s illness or day-care status was reclas¬ 
sified as a result of these calls. 

Definitions 

History of recent acute respiratory infection 
(cough, cold, or ear infection) was obtained directly 
from the child’s guardian.*'™ Because independent 
physician confirmation of illness was not required, 
we have used the term “ear infection” rather than 
otitis media to denote parental reported cases of 
infections of the ear. Criteria including antibiotic 
administration and physician visit were used if 
respondents needed clarification. We did not at¬ 
tempt to identify specific etiologic agents. Incidence 
of disease rather than duration of symptoms was 
assessed. To limit interviewer and respondent bias, 
illness history was elicited before parents were 
asked about day-care attendance. Children were 
considered case children if they had been ill with 
upper respiratory tract infection or ear infection at 
any time during the 2 weeks before the interview 
was conducted. Day care was defined as regular (>4 
h/wk) supervised care of at least two unrelated 
children. Each child’s day-care status wo deter¬ 
mined individually, based on enrollment at tbe time 
of interview. Part-time enrollment was defined as 
five to 39 hours’ attendance per week and full-time 
o 40 or more bouts per week. 

Analysis 

Two analyses of risk factors were undertaken, 


one for children reported to have upper respiratory 
tract infection and tbe other for children reported 
to have ear infection. An automatic interaction 
detection program was used to assist in selection of 
variables for inclusion in an unconditional logistic 
regression model. Only associations that were bio¬ 
logically plausible were considered We did not at¬ 
tempt to analyze or control for transmission of 
illness within households because we could not 
distinguish between primary and secondary cases. 
The number of children younger than 5 years in 
tbe household, a variable included in the model, 
may serve as a surrogate for intrafamilial spread 
Final models were obtained by first putting all 
candidate variables into the model and then elimi¬ 
nating any variable that was not significant and 
whose elimination did not alter the odds ratio es¬ 
timates of significant variables by more than 15%. 
Etiologic fractions among exposed groups (EFe) 
were calculated by tbe formula: EFe ■* (probability 
of disease in exposed - probability of disease in 
unexposed)/(probability of disease in exposed) and 
were standardized for the entire population by 
weighting tbe values from individual strata accord¬ 
ing to tbe percentage of tbe population represented 
by that strata. The disease probabilities used were 
those determined by the regression model. 

RESULTS 

A total of 3,952 households in tbe study area were 
surveyed. Of these, 3,387 contained no children 
younger than 5 years, 78 were unwilling to answer 
whether children were present and 487 contained 
at least one young child. Of these latter households, 
complete interviews were obtained for 449 (92%). 
Twenty-six percent of households (118) contained 
more than one child, and information regarding 
illness was collected for 575 children. 

Uppar Respiratory Tract Infection 

Twenty-four percent of tbe children surveyed 
(139/575) were reported to have had an upper res¬ 
piratory tract infection during the 2 weeks before 
the interview. The incidence of reported illness was 
divided equally by sex with 24% of both boys (75/ 
307) and girls (64/268) affected. Race did not ap¬ 
pear to be a significant risk factor, illness was 
reported for 23% of white children (96/421), 27% 
of black children (40/146), and 40% of children of 
other races (4/10). Tbe frequency of upper respi¬ 
ratory tract infection did vary somewhat with age; 
incidence in children younger than 36 months eras 
27% (91/338), and in children 36 months or older, 
20% (47/232). 

On univariate analysis, children who attended 
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day-car* facilities appeared to be more likely than 
children who did not attend to have had symptoms 
of an upper respiratory tract infection during the 2 
weeks preceding the interview (32% (55/175] of 
attendees v 21% [84/400] of nonattendees; P « .01, 
X 1 ). A significant difference in risk between part- 
time and full-time attendance could not be dem¬ 
onstrated, although there was a suggestive trend in 
children younger than 36 months (42% [23/55] 
incidence in full-time attendees v 28% [11/39] in 
part-time attendees, P ■ X Fisher exact test). The 
type of day-care facility, ie, residential v nonresi- 
dential, and the length of time the child had been 
attending were not statistically associated with the 
likelihood of upper respiratory tract infection. 

The association of day-care attendance with up¬ 
per respiratory tract infection was further evaluated 
by logistic regression in a mode) that contained 
other variables considered to be possible risk factors 
for disease. These variables included family income, 
crowding (dichotomized at less than u equal to or 
more than one person per room), and number of 
children less than 5 yean of age, maternal smoking, 
and child’s race and age (dichotomized at 36 
months). Current breast-feeding was included as a 
possible protective factor in children less than 6 
months of age. 

In this model, children who attended day care 
were significantly more likely than children who 
did not attend to have had a parent-reported upper 
respiratory tract infection during the 2 weeks before 
interview (odds ratio ■ 1.6, P « .02, Fig 1). la? 
addition to day-care attendance, a second factory 
maternal smoking, was also associated with in*) 
creased risk of upper respiratory tract^infection 
(odds ratio “ 1.7, P » .01). The effects of day-care 
attendance and maternal smoking were independ¬ 
ent of one another. Child’s age, although itself not 



Fig 1. Probability of upper respiratory tract infection 
according to age, crowding, maternal smoking, and day¬ 
care status. 


a risk factor (odds ratio * 1.2, P » .4), did signifi¬ 
cantly modify the effect of a third variable, house¬ 
hold crowding. Living in crowded conditions was 
significantly associated with upper respiratory tract 
infection in children younger than 36 months (odds 
ratio * 2.4, P ■ .02) but not in children 36 months 
or older (odds ratio * 0.6, P m .4). No statistically 
significant association with risk of upper respira¬ 
tory tract infection was seen for family income, 
number of children less than 5 years, and child's 
race, and no protective benefit of breast-feeding 
could be demonstrated (Table 1). 

Clustering of illnesses within households did not 
seem to significantly affect the association of upper 
respiratory tract infection with day-care attend¬ 
ance. This relationship in households with only one 
child less than 5 years of age was similar to that in 
households with two ill children (odds ratio * 1.73 
o 1.72), and the prevalence of day-care attendance 
in ill children from households containing no other 
children less than 5 years was similar to that ob¬ 
served in children from households with another ill 
sibling (41% [35/85] v 40% (12/30)). 

Ear Infaction 

Six percent (34/575) of children less than 5 years 
of age were reported to have bad an ear infection 
during the 2 weeks before the interview. Ear infec¬ 
tion was reported more often for boys than girls 
(7.2% v 4.5%), but this difference was not statisti¬ 
cally significant. Black children and white children 
were affected equally (6.1%); none of the ten chil¬ 
dren of other races were reported ill. Compared 
with upper respiratory tract infection, the incidence 
of ear infection was more influenced by age. Inci¬ 
dence was 8.6% (29/337) in children 0 to 35 months 
of age and 2.1% (5/233) in children 3 or 4 years of 
age. Children with ear infection were significantly 
more likely than children without ear infection to 
have had upper respiratory tract infection symp¬ 
toms during the preceding 2 weeks (65% [22/34]) v 
22% [116/535); odds ratio - 6, P < .001. Fisher 
exact test). 

Univariate analysis suggested that, as with upper 
respiratory tract infection, children attending day 


TABLE 1. Variable* Not Included in Final Upper Res¬ 
piratory Trect Infection Model 


Variable 

Odd* Ratio 
(Point Estimate! 

F Value 

No. of children <5 yi 

0.7 

.17 

Race 

1.1 

.76 

Breast-feeding 

Income ($) 

1,0 

M 

0-19,999 

1.0 


10-34,999 

1.5 

.14 

fc 35,000 

1.0 

.91 
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care were at increased risk for development of ear 
infection. For ear infection, however, only children 
who attended a day-care facility 40 or more hour* 
per week could be shown to be at increased risk. 
This association with full-time attendance was 
present when either all children or only children 
younger than 36 months were evaluated (Table 2). 
Although the number of children with ear infection 
who attended day-care full time was relatively 
small, the type of day-care facility, ie, residential v 
nonresidential, and the length of time the child had 
been attending did not appear to be associated with 
increased risk of disease. 

The association between full-time day-care at¬ 
tendance and ear infection was evaluated in a logis¬ 
tic regression model containing the same variables 
that were used for the upper respiratory tract infec¬ 
tion analysis. Concomitant upper respiratory tract 
infection was not considered as a separate risk 
factor because this illness may, in many instances, 
represent an intermediate step between exposure 
to a risk factor and ear infection.*' 10 Clustering of 
ear infections within a household occurred only 
once and, thus, was not a factor in analysis. In the 
ear infection model, full-time day-care attendance 
was strongly associated with increased risk of ear 
infection (odds ratio * 3.2, P - .005). Age was a 
second important predictor of disease, with children 
younger than 36 months at higher risk than chil¬ 
dren 36 months of age or older (odds ratio * 3.3, P 
- .02). Among young children, as with upper res¬ 
piratory tract infection, crowding was an important 
factor predicting disease (odds ratio - 3.4, P m .01); 
in the older age group, data were insufficient to 
assess the effect of this variable (Fig 2). For ear 
infection, family income, number of children less 
than 5 yean of age, maternal smoking, and child’s 
race and breast-feeding status were not signifi¬ 
cantly associated with risk (Table 3). Two factors, 
maternal smoking and part-time day-care attend¬ 
ance, which were associated with the risk of upper 
respiratory tract infection, were not associated with 
the risk of ear infection. This finding may be due 
to the smaller numbers of children frith ear infect 
turns and consequent lack of statistical power ©r «/ 


TABLE 2. Incidence of Ear Infection by Day-Cam At¬ 
tendance Status for All Children and Children 0 to 35 
Months of Age _ 


Day-Can Attendance 

Incidence of Ear Infection i%) 

Statue 

All Children 

0-36 Mo 

Nonattandate 

Part-tin* attend*** 
Full-time attend*** 
Statua not available 
Total 

4.8 (18/385) 
4.1 (3/73) 

11.7 (12/102) 
(0/5) 

6.8 (34/575) 

7.0(17/244) 
6.3 (2/38) 

18.2 (10/55) 
(0/1) 

8.7 (29/338) 



disk r*cTo«s 

Rfl 2. Probability of ear infection according to age. 
crowding, and day-care status. 


TABLE 3. Variables Not Included in Final Ear Infec¬ 
tion Model 


Variable 

Oddi Ratio 
(Point Estimate) 

P Value 

No. of children <5 yr 

0.7 

.43 

Maternal amokinf 

1.1 

A2 

Ract 

1.0 

.93 

Breaat-faadinf 

Income (6) 

1.9 

.32 

0-19,999 

1.0 


20-34,999 

0.9 

.B7 

%35,000 

0.8 

.73 


alternatively to actual differences in risk factors for 
these two syndromes.' 

Attributable Risk 

Perhaps the most meaningful measure of the 
amount of upper respiratory tract disease associ¬ 
ated sritb day-care attendance is the etiologic frac¬ 
tion among the exposed children or F.Ea,^ T 
which can be interpreted as the proportion of res¬ 
piratory illness among children who attend day care 
that is directly related (“attributable") to this ex¬ 
posure. 

In this study, the EFe<*,-«i.t for upper respiratory 
tract infection, adjusted for the other variables 
shown to be associated with upper respiratory tract 
infection, was 31%. Thus, approximately one third 
of upper respiratory tract infections in children who 
attend day care may be attributable to this specific 
exposure. The EFei*,.^ for upper respiratory 
tract infections varied slightly by age and was 30% 
for children younger than 36 months and 33% for 
children 36 months of age or older. 

For ear infections, the EFcimi-um «•,.»> was 66%, 
standardized for the other variables shown to be 
associated with ear infection, and thus approxi¬ 
mately two thirds of ear infection contracted by 
full-time day-cart attendees may be directly re- 
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TABLE 4. Etiologic Fraction Among Exposed Group* 
• •]TF.T»^ 1 . Mn \ and Population Attributable Ri»k of Upper 
Respiratory Tract Infection and Ear Infection Associated 
with Day-Care Attendance _ 

ChiM'i Infection ET*«,—Children Population 
and Ace (Mo) Attandini Attribuuble 

Day-Care Ri»k (%) 
<*) 


Upper respiratory 


. tract 

0-35 

JO . 

29 

8 

*36 

.33 

34 

n 

Eat infection 

0-35 

.64 

16 

10 

*36 

.68 

20 

14 


fated to that specific exposure. The age-specific 
EFtiMMto, fer-cu*) for ear infection was 64% for 
children 0 to 35 months of age, those at highest 
risk, and 68% for children 3 and 4 years of age. 

The amount of upper respiratory tract disease in 
all young children that is directly related to day¬ 
care attendance (the etiologic fraction among the 
population, also called the population attribuuble 
risk) depends not only on the proportion of illness 
related to attendance but also on the proportion of 
children who attend. This latter figure is likely to 
depend on a variety of factors including geographic 
region, seeaon of the year, and age of the children 
involved. In Atlanu, during the summer of 1984, 
the population attribuuble risk for day-care at¬ 
tendance varied between 9% and 11% for upper 
respiratory tract infection and between 10% and 
14% for ear infection, depending on child’s age 
(Table 4). 

DISCUSSION 

Although more than 11 million children in the 
United Sutes attend some fonn of day care, >> esti¬ 
mates of risk have not been available for many of 
the illnesses to which these children ere exposed, 
and the need for population-based studies ha* be¬ 
come increasingly apparent. lUJ In particular, al¬ 
though the association between day-care attend¬ 
ance and infections of the upper respiratory system 
was suggested more than 35 years ago,** the contri¬ 
bution of day-cere exposure to overall risk for these 
diseases has not been defined. 

This study was designed to quantify the relation 
between day-care attendance and risk of childhood 
upper respiratory tract infections. Controlling for 
the effect of other risk factors, children in this 
cohort who were enrolled in day care were substan¬ 
tially more likely to have both upper respiratory 
tract infection and ear infection. Because these 
children were randomly selected from the general 
population, we could calculate that approximately 


one third of upper respiratory tract infections 
among day-care attendees and two thirds of ear 
infections among full-time day-care attendees were 
directly related to attendance. Because dau regard¬ 
ing the proportion of children in the population 
attending day-care facilities were also available, we 
were able to estimate that 9% to 14% of all upper 
respiratory tract infections and ear infections in 
children lees than 5 years of age may occur as a 
mult of day-care attendance, a figure generalixable 
to other areas to the extent that day-care attend¬ 
ance patterns in Atlanta are similar to attendance 
patterns elsewhere. These estimates provide a use¬ 
ful assessment of the influence of day-care attend¬ 
ance on the overall risk of upper respiratory tract 
infection in young children. Respiratory illness re¬ 
sult * in an estimated 17.4 million physician visits a 
year in the United States 1 and for otitis media 
alone, an estimated annual expenditure of more 
than $2 billion.* 4 

These percentages should he interpreted with 
appropriate caution. Having a child in day care may 
alter the likelihood that parents will notice and 
report illness in their children. This study deter¬ 
mined a point estimate of risk baaed on parental 
reporting of illness during s 2-week period and, as 
such, should be viewed as only a first step in quan¬ 
tifying the effect of day-care attendance on the 
incidence of childhood upper respiratory tract in¬ 
fections. Nevertheless, the case definition based on 
parental reporting can be partially validated by the 
results of the analysis. If parents were reporting 
respiratory infections when no illness bed occurred, 
one would not expect to find significant associa¬ 
tions with crowding or maternal smoking. The sub¬ 
stantial portion of upper respiratory tract infection 
linked to day-care attendance in this study suggests 
that it would be useful to determine whether spe¬ 
cific etiologic agents may be particularly aatociated 
with this risk. 

Additions] studies that assess risk over season 
should be undertaken. For example, the risk of 
upper respiratory tract infection associated with 
day-care attendance calculated by this study may 
be a minimum estimate; day-care attendance may 
be more strongly linked with disease during the 
winter respiratory illness season when the likeli¬ 
hood of the introduction of upper respiratory tract 
infection into a day-care facility may be greater. 
Alternatively, a greater background incidence of 
viral infection during the winter might reduce the 
added risk associated with day-care attendance. 

Several aspects of analysis other than the relation 
between upper respiratory tract illness and day¬ 
care attendance deserve comment. The similarity 
of the risk factor models for upper respiratory tract 
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infection and ear infection demonstrates the close 
association between these two illnesses and reaf¬ 
firms the likely role of upper respiratory tract in¬ 
fections in the pathogenesis of ear infection .*- 10 The 
data regarding maternal smoking underscore the 
link between passive exposure to smoke and devel-, 1 
opment of upper respiratory tract infection in chil- 
dren.**- 1 * In this study, the proportion of upper 
respiratory tract infections in children of smoking 
mothers attributable to this exposure (34%) and 
the total population attributable risk (10%) were 
eomp*rebU w tfaoM c*lcul*ud for d*y-*«n ttuod- 
tnce. 

Am risk factor*, however, there is s major differ* 
ence between maternal smoking and day-care at¬ 
tendance. Whereas maternal smoking is totally pre¬ 
ventable, day-care attendance is not This differ¬ 
ence highlights an increasingly obvious dilemma: 
child day care provides an irreplaceable service; yet, 
by its nature, it also results in enhanced transmis¬ 
sion of infectious illnesses. The most practical ap¬ 
proach to this problem—reduction of risk among 
those children who attend—rests on the assump¬ 
tion that differences in day-care facilities and chil¬ 
dren** exposures within those facilities may affect 
degree of risk. For diarrheal disease, this assump¬ 
tion seems warranted; risk has been shown to be 
influenced by a variety of specific day-care charac¬ 
teristics . 3 Whether the same is true for respiratory 
disease remains an open question. Identification of 
specific factors that are associated with increased 
risk of upper respiratory tract disease within day¬ 
care facilities should be a primary goal of future 
study. 
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ABSTRACT: Lack of empirical evidence that living in 
damp houses has detrimental effects on health may partly be due to 
inadequate research. A preliminary study was therefore carried 
out of a random sample of council owned residences in a deprived 
area of Edinburgh, a respondent from consenting households being 
interviewed to obtain a profile of the physical and mental health 
of all adults and children. In addition, information was gathered 
about other factors that might be important, particularly smoking 
and selective bias in the allocation of tenants to houses. 
Independent measures of dampness were made by environmental health 
officers. 

No conclusive effects of damp on the health of adults were 
identified. Nevertheless, children living in damp houses, 
especially were fungal mould was present, had higher rates of 
respiratory symptoms, which were unrelated to smoking in the 
household, and higher rates of symptoms of infection and stress. 

Housing should remain an important public health issue, 
and the effects of damp warrant further investigation. 
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Abstract 

Lac k of empirical evidence that firing ia damp houses has 
detrimental effects on health may partly be due to inadequate 
research. A preliminary study was therefore carried out of a 
random sample of council owned residences m a deprived area of 
Edinburgh* a respondent from consenting households being 
interviewed to obtain a pro Be of the physical and mental health 
of all adults and children. U addition, information was gathered 
about other factors that might be important, particularly smoking 
and selective bias in the allocation of tenants to houses. 
Independent measures of dampness were made by environmental 
health officers. 

No conclusive effects of damp on the health of aduhs 
were identified. Nevertheless, children Irving in damp houses, 
especially where fungal mould was present, had higher rates of 
respiratory symptoms, which were unrelated to smoking in the 
household, and higher rates of symptoms of infection and stress. 

Housing should remain an important public health issue, and 
the effects of damp warrant further investigation. 
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Introduction 

The BMJ argued recently that the health implications of poverty, 
unemployment, and inadequate homing were not being emphasised 
strongly enough and made a plea for the formation of a public health 
alliance to highlight these issues. 1 Certainly, the role of housing 
conditions in the aetiology of illness appears to have received 
comparatively link attention since the decline of tuberculosis in the 
1950s. 

Most recent studies of housing conditions have cooccntmed on 
the relation between living in a damp house and respiratory 
complaints such as asthma*' and wheeze. 1 “ Rising and penetrating 
damp provide the moist conditions conducive to germination of 
spores of mould fungi. Fungal spores, in turn, art believed to affect 
the respiratory tract by producing lesions in tissue, by forming 
saprophytic colonies on plugs of mucus, and by acting as allergens 
causing rhinitis, alveolitis, and asthma.’* Some studies have 
suggested that ambient humidity influences the viability of viruses 
in droplet sprays. ’* The association between damp housing and 
health problems, however, is not clear cut, possibly being compb- 
cated by other factors known to affect health, such as smoking and 
poverty. A further serious flaw has been that the presence of damp 
has been reported by the householder or by the research team, 
casting doubt on the objectivity of the findings because of either the 
tenant's desire to get rehoused or bias in the experimenter. 

This study was carried out in response to the concern of residents 
in a deprived area of Edinburgh about the possible effects of damp 
on their health. The preliminary study aimed at investigating the 
relation between damp bousing and the physical and mental health 
of tenants and their children. 

Edinburgh city is ringed by estates of council housing of varying 
quality and desirability, and the study area is regarded as one of the 
less (but by no means least) desirable in which to live (K Brown, 
unpublished master's dissertation, 1986). The area consists of 
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oofy respiratory problems but other symptoms suggestive of 
infections and stress were more common in children in damp 
'dwellings. 

' Respiratory problems may be due to the fact that the spores of 
many fungi act as allergens, sensitising mucous membranes and 
producing symptoms of wheezing, cough, fever, and general 
malaise in both atopic and non-atopic people.” Vomiting and 
diarrhoea in children in damp bouses are harder to explain. 
Nevertheless, if mycotoxins in fungi were ingested their metabolites 
might give rise to the symptoms. 11 It seems probable that headache 
and •‘nerves" in the children may partly be related to the other 
symptoms or be a response to tension in the home; equally, 
however, they may be symptoms of emotional upset, possibly 
associated with recurrent symptoms, disruption of school and social 
activities, and the living conditions themselves. 

Several studies have, suggested an association between poor 
bousing and health problems.* 14 Acceptance of these findings and 
action on them, however, have been conspicuously absent, explana¬ 
tions including the financial and political implications of improving 
housing. At the scientific level most studies have been criticised on 
the grounds that the relation of ill health to poor housing could be 
confounded by other variables, such as low income, smoking, type 
of heating, overcrowding, housing allocation policies, and bias of 
experimenters or respondents, or both. This study, tfidUgfk btfeti 
m fitiriy tmafrsuznbertf has addressed such criticisms. It is plainly 
impossible to allow for all confounding factors; however, several 
alternative explanations of our findings appear to be unlikely. 

Firstly, the sample was homogeneous with respect to social class 
and income. More than three quarters of respondents or their 
partners, or both, actually in employment were in manual occupa¬ 
tions. Virtually all the households were on low incomes, and there 
were no income differences between those in damp and non-damp 
houses. 

Secondly, the results show that certain aspects of the respondents* 
behaviour were not implicated. In particular, smoking made no 
contribution to children's respiratory symptoms. This is at variance 
with other studies, 11 * but our sample was drawn from a soda! group 
with high rates of smoking," and the advene effects of parental 
smoking on children are largely confined to children under the age 
of 1 year* Overcrowding and the number of children in the 
household were not contaminating factors; even after controlling for 
these factors significant effects for dampness remained. The use of 
Calor gas fires in the home was not associated with either dampness 
or children's respiratory symptoms. Indeed, that the damp houses 
were mostly confined to particular streets makes it unlikely that the 
tenants themselves created the conditions which gave rise to damp. 

Thirdly, issues of self selection and bias in the allocation of 
tenants to dwellings must be addressed—that is, that the "sick" may 
be more likely to move into poor bousing or be allocated the wont 
properties. For the most part council tenants have little choice about 
where they will live and, though the low desirability of the study 
area inevitably leads to some self selection, it is by no means the least 
desirable of the council housing schemes in and around Edinburgh. 
Families living in damp houses were more likely to have come from 
poor conditions, but they were not more likely to have moved for 
health reasons. It was children, not adults, with poor health who 
were more likely to be living in damp bouses; there was no evidence 
that behaviour problems in children were a factor in the allocation of 
families to particular bouses. The only clear selection bias operating 
appeared to be of the infirm elderly being allocated better bousing. 
There were no significant differences between damp and non-damp 
households in the length of time tenants had lived in their homes, 
and most had lived in the same bouse for more than five yean. 

As in most surveys, Information about respondents' and children's 
health was reported by the respondent. Physical examination of all 
household members was beyond the scope of this study, inevitably 
this raises questions about the possibility of reporting bias. Dif¬ 
ferential ov er r e po rting by those in damp houses would be manifested 
in respondents* reports of their own as well as their children's 
health, but it was dear that health differences were confined to 
children. Perhaps even more importantly, respondents who reported 
their homes to be damp were not more likely to report symptoms 


either in themselves or in their children. The possibility of 
experimenter or respondent bias was minimised by having an 
independent survey of damp tod not comparing data on dampness 
and health until the health data were coded. 

Though it might be suggested that smokers may underreport 
symptoms such as coughing or wheezing, this was not the case in our 
study, where the highest rates of respiratory symptoms were found 
in heavy smokers. This, in turn, suggests that children's respiratory 
symptoms were not being undeneported. Finally, there was no 
association between the respondents' mental state and the reporting 
of physical symptoms in children, suggesting that “psychologically 
distressed" mothers were not ovencportlng health problems in their 
children. 

This study considered obvious confounding factors which might 
explain the findings and has gone a long way to ruling out selection 
and reporting biases. The findings appear to be robust and the 



association between living in a damp house and iU heal&jnchildren 
cannot easdy be attributed to other fkton.Od^Tid " 

nmp oouon oana ■KinocKHOgyi ■ vuiiuna in s i 
punned If our findingwe replicated the public health implications 
will require urgent consideration. Improvements in the health 
of the population in the past 100 yean have largely been a 
consequence of improved living conditions and thus a healthier 
borne environment.* The early exposure to an adverse living 
environment is likely to increase vulnerability to illness in later 
life—particularly to the chronic respiratory diseases,* which are 
still a main cause of morbidity and mortality in Britain. 
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Koo, L.C., Ho, J.H.C., Matsuki, H., Shimizu, H., Mori, T., Tominaga, 
S. "A Comparison of the Prevalence of Respiratory Illnesses among 
Nonsmoking Mothers and Their Children in Japan and Hong Kong" 
American Review of Respiratory Disease 138:290-295, 1988. 

SUMMARY: Previous epidemiologic studies have associated 
symptoms of chronic bronchitis and other respiratory diseases with 
the risk for lung cancer. To assess the possible precursor or 
premonitory role of these conditions for lung cancer among 
nonsmokers, a comparison of the prevalence rates of these 
conditions in 2 urban industrialized communities (Hong Kong and a 
Tokyo suburb) with a 300% difference in female lung cancer 
incidence rates was conducted. A community survey of 314 
nonsmoking mothers and their children in Hong Kong, and 243 mothers 
and children in Japan showed that the prevalence of reported chronic 
cough and sputum symptoms was 10 or more times higher in Hong Kong 
than in Japan. The disparity in the rates of respiratory 
diseases/symptoms was most apparent in the comparison of children. 
Occupational exposure to dust or fumes and larger household sizes 
were found to be associated with higher levels of respiratory 
illnesses among the Hong Kong mothers. The much higher prevalence 
rates of respiratory symptoms among Hong Kong than among Japanese 
subjects correlated with each community's female lung cancer 
incidence rates of 27.1 versus 8.1/100,000, respectively. 
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Introduction 

A previous study on lung cancer among 
Hong Kong Chinese females found that 
patients with lung cancer were move likely 
to report a previous history of chronic 
cough or phlegm expectoration than were 
age-matched control subjects (1). These 
results were applied to those who had ever 
or never smoked, and a dose-response 
relationship was found between increas¬ 
ing yean of experiencing these symptoms 
and risk for lung cancer. 

The association of a previous history 
of respiratory diseases such as chronic 
bronchitis and pneumonia with lung can¬ 
cer was first reported by Doll and Hill 
in their 1952 study on the etiology of lung 
cancer (2). Subsequently, other studies 
(3-5) also reported this association, al¬ 
though most did not segregate the effects 
of a past history of active smoking and 
the occurrence of these diseases. 

Because Hong Kong Chinese females 
tend to have noubly high lung cancer in¬ 
cidence rates, with a 1982 world age- 
adjusted incidence rate of 27.1 per 
100,000 (6), a comparative study of fe¬ 
males from a low incidence area such as 
Japan, with a world age-adjusted inci¬ 
dence rate of only 8.1 per 100,000 (7) for 
1975-1979 in the Kanagawa Prefecture, 
might shed some light on this possible 
ciiologie association. Both societies are 
racially similar and share a predomi¬ 
nantly urban, industrialized environment. 
Yet their cultural habits and diets are suf¬ 
ficiently different to raise the possibility 
that their respective exposures to a vari¬ 
ety of pollutants or protectors account 
at least in part for the 300^a difference 
in their lung cancer rates. 

The purpose of this cross-sectional 
study was to compare the prevalence rates 
of respiratory illnesses among children 
and mothers residing in 2 communities, 
one in Japan and the other in Hong 
Kong. Only subjects with no previous his¬ 


tory of active smoking were included. We 
wanted to know if differences found in 
their respective prevalence rates of respi¬ 
ratory illnesses would help explain the 
differing lung cancer incidence rates in 
the 2 populations. In addition, we wanted 
to know if these data could point to pos¬ 
sible precursor respiratory conditions 
that might increase the individual's sus¬ 
ceptibility to environmental carcinogens 
or that might indicate early premonitory 
symptoms since lung cancer is usually de¬ 
tected decades later. 

Methods 

Japanese Subjects 

In July 1982, students from Grades 2 through 
6 attending 2 public primary schools around 
the Tokyo area were surveyed. One school was 
located at the Suginami-ward in Tokyo and 
the other in Aikawa in the Kanagawa Prefec¬ 
ture, which is located about 50 kilometers west 
of Tokyo. The mothers of the surveyed chil¬ 
dren were also studied. These subjects were 
chosen from these districts because they would 
be representative of Japanese living in urban 
and rural environments in Japan. The 
Suginami-ward is a typical urban residential 
area with several heavily traveled roads travers¬ 
ing the district. The Aikawa area is charac¬ 
teristically rural without major factories and 
heavily traveled roads. 

The response rate was 99.6** for the 457 


children and 88.2^s for their 403 mothers/ 
guardians. Out of this sample, the following 
data were not included in this analysis: in¬ 
completely answered questionnaires (h * 38), 
guardians who were not mothers of the chil¬ 
dren <n * 11), any who reported a previous 
history of active smoking (n - 68), and. in 
situations where 2 or more children from the 
same family were surveyed and attended the 
same school (n « 95), only 1 of the children 
was randomly selected. Thus, the results from 
243 mother-child pairs were analyzed for this 
study. 

Hong Kong Subjects 

A government-subsidized primary school in 
the Ngau Tau Kok area of the Kwun Tong 
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district of Hong Kong was selected in cooper¬ 
ation with the local government’s Department 
of Education to represent subjects from a 
working class neighborhood- The site is sur¬ 
rounded by public housing in high-rise build¬ 
ings and by small stores, and is within a few 
blocks of the small- and medium-sized fac¬ 
tories that art common in this district. 

Initially, 2 classes from each grade of 2 to 
6 were planned for the study since each class 
averaged >6 students, and these numbers 
would approximate the age and sex distribu¬ 
tion of the Japanese subjects. However, after 
data collection began, it was realized that 
some students in different classes were sib¬ 
lings, so an additional class in Grade 4 was 
included in the study. Thus, a total of 11 
classes, i^, 390 children and mothers were 
contacted for the study. The response rite for 
the return of the questionnaire was 100% 
for the children and 97* for their moth¬ 
ers/guardian ()1 did not return the question¬ 
naire). Using the same inclusion criteria as 
those for the Japanese subjects, 314 mother- 
child pairs were included in this analysis. To 
simulate the summer weather conditions of 
the Japanese collection time, the survey was 
conducted from May 20 to 30,1985. The mean 
temperature and humidity in Hong Kong dur¬ 
ing the data collection period was 27* C and 
81% humidity. The same data for Tokyo dur¬ 
ing July 1982 was 22* C and 77%, respec¬ 
tively. The Hong Kong data were collected 
in late May instead of July because the stu¬ 
dents would be off for summer vacations and 
thus not accessible. 

Data Collection Forms 
A modified version of the questionnaires orig¬ 
inally developed by the American Thoracic 
Society Division of Lung Disease (ATS-DLDf 
(8) and the British Medical Research Council 
(BMRC) (9) to survey the prevalence of re¬ 
spiratory diseases was used. Questions were 
asked on the occurrence of the following: 
chronic cough or phlegm of > 3 months du¬ 
ration (to eliminate those associated with 
acute upper respiratory tract infections), bron¬ 
chitis, pneumonia, asthma, tuberculosis, al¬ 
lergic rhinitis, and other chest diseases. 

The version for the children also included 
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questions on sources and amounts of passive 
smoking exposure, and whether the child par¬ 
ticipated in home cooking activities. These 
questionnaires were distributed to the chil¬ 
dren at school and taken home with instruc¬ 
tions that it be answered for the child by the 
mother or female guardian. 

The version for the mothers included more 
detailed questions on cooking activities, ac¬ 
tive smoking history, and exposure to dust 
or fumes in the workplace. These question¬ 
naires were distributed to the children at 
school with instructions that they should take 
them home for their mothers to fill out. 

Data Analysis 

The data collected in the questionnaires were 
coded and then processed by computer using 
the SPSS-X statistical package. Because the 
questionnaire asked about respiratory symp¬ 
toms (i*., cough, sputum, wheezing) and re¬ 
spiratory diseases (ijfc, pneumonia, allergic 
rhinitis, bronchitis, asthma, tuberculosis), 
both were covered under the term “respira¬ 
tory illnesses " These terms art distinguished 
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in this study because “respiratory symptoms" 
is a lay term that is easier for the subjects to 
identify with, whereas “respiratory diseases" 
would mean that a physician had diagnosed 
such g condition. 

Analysis of the data included descriptive, 
comparative, and analytical work. In com¬ 
paring the results between subjects from Hong 
Kong versus those from Japan, / tests or chi- 
square tests were usually done to estimate the 
sunstical significance of the findings. Anal¬ 
ysis on the relationship of multiple illnesses 
per person and various exposure categories 
utilized Pearson’s goodness of fit test. A test 
for linear trend in the proportions was done 
when dose-response relationships were sug¬ 
gested (10). To sutistically assess the risk 
among the exposed group versus the unex¬ 
posed group. the following were calculated: 
relative risks as the ratio of these 2 propor¬ 
tions, attribuuble risk as the percenuge of 
the overall risk in the exposed group, and the 
population-attributable risk as the difference 
in risk among the whole population (which 
we assume the entire sample represented) and 
the risk in the unexposed group (10). 

Amur* 

The age distribution of the 314 Hong 
Kong Chinese mothers and 243 Japanese 
mothers is shown in table L The Hong 
Kong Chinese mothers tended to be 
slightly younger, with a mean age of 37.8 
versus 39.3 yr among the Japanese 
mothers, but these differences were not 
sutistically different (/ test, p value « 
0.41). On the other hand, the 314 Hong 
Kong school children were slightly older 
than their Japanese counterparts (table 
2), with the mean age of the former be¬ 
ing 10.1 yr and that for the latter being 
9.4 yr, which was sutistically significant 
(r test, p value - 0.0001). The sex ratio 
for the children was not significantly 


TABLE S 

PREVALENCE OF SELF-REPORTED RESPIRATORY ILLNESSES AMONG 
NON-SMOKING MOTHERS 


R**p'f«l0ry Symptom/DiMAM 


Pravawnca <*) 


Hong Kong 
<n • JM) 

Japan 
<n • 943) 

Cfe-Sowara 
p vaiuo 

Chrome cough > 3 month*. S 

57 

04 

0006 

Chrome phtagm > 3 month*. H 

• 0 

04 

00000 

Cough and phwgm A 3 month*. H 

32 


00197 

Cough or pmagm * 3 month*. H 

105 

04 

00026 

Bronchiti* A* 

76 


0 3823 

Evar had pnoumom*. H 

1.0 


0 0697 

Evar hao a*tnm*. S 

13 


0 1765 
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16 

2 V 

C 6117 

Evar had au*rg*c rhinm* H 

11 5 

12* 

0 7496 

Evar had othtr ehtr o*aaaaa* H 
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TABLE 4 

PREVALENCE Of RESPIRATORY ILLNESSES AMONG CHILDREN 
AS REPORTED BY THEIR MOTHERS 


TABLE 6 

RELATIONSHIP BETWEEN THE FREOUENCY 
Of RESPIRATORY ILLNESSES BETWEEN 


* p viiut W l NN 


Rttptrttory $ymptom/Di#oo#o 


Pravatance (W) 


MOTHER CHILD IN HONG 
AND IN JAPAN * 

KONG 


Hong Kong 
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04 

00001 
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04 
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35 
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- 

Hong Kong 
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06 

00000 

0 
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46 
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47 
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49 

30 

79 
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00013 
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66 

0160* 
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different for the 2 groups, with 48V# of 
the Hong Kong children and 46*7# of the 
Japanese children being girls (/ test, p 
value * 0.59). 

The prevalence rates among mothers 
reporting a previous history of respira¬ 
tory illnesses is shown in uble 3. Among 
Chinese mothers, 5.7 V# (n * 18) reported 
a previous history of chronic cough, and 
8.0*7# (n * 25), a history of chronic 
phlegm expectoration lasting 3 or more 
months. This contrasted with only 1 Jap¬ 
anese mother (0.4V#) who reported hav¬ 
ing both such symptoms. For the other 
respiratory diseases, the prevalence rates 
between the 2 groups did not reach 
statistical significance (p < 0.05). In 
general, there was a tendency for more 
Hong Kong mothers to report a previ¬ 
ous history of chest problems (24.8 versus 
20.9*7#); among those who had such dis¬ 
eases, Hong Kong mothers had more ill¬ 
nesses per person (1.49 versus 1.29) than 
did Japanese mothers. There was no rela¬ 
tionship between the prevalence rates 
of respiratory illnesses and age of the 
mother in either population (chi-square, 
p value - 0.236 for Hong Kong mothers 
and 0.274 for Japanese mothers). 

The prevalence of respiratory illnesses 
among children was similar to that of their 
mothers (table 4). One (0.4V#) Japanese 
child was reported by the mother to be 
suffering from chronic cough, and an¬ 
other (0.4V#) was reported to have chronic 
phlegm, whereas among the Hong Kong 
children these percentages were 7.0V# (n 
* 22) and 9.2V# (n » 29), respectively. 
When the 2 symptoms were combined, 
12.8 V# (n * 40) of the Hong Kong chil¬ 
dren had one or both symptoms, whereas 
this was true for only 0.8V# (n ■ 2) of 


the Japanese children. All of these differ¬ 
ences were statistically significant. 

Among the other respiratory illnesses 
for the children, those in Hong Kong had 
statistically higher frequencies of wheez¬ 
ing (7.6 versus 1.7V*) and pneumonia (8.0 
versus 0V*) than did their Japanese coun¬ 
terparts. The reported rates for allergic 
rhinitis and asthma were not statistically 
different for the 2 groups. 

In the summary measurements, 25.2V# 
of the Hong Kong children had one or 
more of the surveyed respiratory illnesses 
versus 18.7V# among the Japanese chil¬ 
dren (p « 0.066). Moreover, among those 
with such illnesses, the former group had 
a significantly larger mean number of 
problems per child (1.96) than did the lat¬ 
ter (1.31). 

The distribution of multiple illnesses 
within a single individual in the 2 areas 
is shown in uble 5. Hong Kong mothers 
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and children consistently had higher per- 
cenuges of such individuals than did the 
Japanese. This discrepancy was most ap¬ 
parent among the children, with 24 Hong 
Kong children (7.7V*) having 3 or more 
respiratory illnesses versus only 1 Japa¬ 
nese child (0.4V#) with such a history, and 
a comparison of their mean number of 
illnesses per child was highly significant 

(p « 0.0001). 

The frequency of illnesses in the 
mothers was related to that reported for 
their children as shown in uble 6. In both 
populations, mothers who reported one 
or more respiratory illnesses for them¬ 
selves were about twice as likely to re¬ 
port such illnesses in their children. Pear¬ 
son’s goodness of fit test showed this rela¬ 
tionship to be highly significant. 


table $ 

FREQUENCY OF MULTIPLE RESPIRATORY ILLNESSES AMONG MOTHERS AND 
CHILDREN IN HONG KONG AND JAPAN 


Ntnouot 

Hong Kong 
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0 
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45 
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30 
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2 

14 

45 

4 
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2 

10 

32 

12 
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3 

7 

22 

5 

21 

3 

11 

35 

1 

04 
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3 

09 
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TABLE 7 

RELATIONSHIP Of OCCUPATIONAL OUST OR GAS/FUME EXPOSURE WITH 
RESPIRATORY ILLNESSES AMONG hong KONG MOTHERS* _ 

Mother* with > 1 Respiratory 
Wne*se*T 


E&POSu'* 

»t Work 

Totil Number 
of Mother* 


m 

Relative Rt*k 
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Severe 

2 

1 

500 

220 
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TABLE 8 

COMPARATIVE PROFILES Of HONG KONG AND JAPANESE 
MOTHERS AND children 



Hong Kong 


Japan 

ChhSouare 
p Value 

Lifestyle Venable 

(«) 

(mean) 

<*> 

(mean) 

Mother currently works 
outside me nome 

106 

33 9% 

96 

29 0% 

0139 

father currently smokes 

110 

35 6% 

146 

601% 

0.0000 

Home has ventilated 
cooking* 

251 

79 9% 

192 

79 2% 

0 799 

Mean household »j» 

314 

5 31 

243 

454 

0000T 
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To understand the role of occupational 
exposures, the Hong Kong mothers were 
asked in the questionnaire whether they 
had ever worked for a year or more in 
places where they were exposed to notice¬ 
able levels of dust/smoke or gases/ 
fumes, the degree of such exposure, where 
such exposure occurred, and what they 
did. Analyses of all the variables showed 
that the frequency of respiratory illnesses 
among Hong Kong mothers was highly 
related to their reports of previous ex¬ 
posure to dust or gas fumes (table 7) in 
the workplace. 

Overall, some 21.74* (n » 68) of the 
total sample of Hong Kong mothers 
reported a previous history of occupa¬ 
tional exposure to dust, and 11.54b (n - 
36) to gas/fumes. The percentages of ex¬ 
posed mothers with one or more respira¬ 
tory illnesses increased proportionately 
with the degree of reported severity of 
exposure to such air pollutants in a dose- 
response manner. Among those exposed 
to severe levels of either pollutant, the 
attributable risk was calculated to be 


354*. Gas fumes seemed to exert a larger 
effect than did dust, as the attributable 
risk was 45.64* for the former versus 
33.84* for the latter. 


Although the same questions were not 
asked in the Japanese survey, data on 
Japanese mothers currently employed in 
dusty industries such as mining showed 
no relationship with their prevalence of 
respiratory illnesses. In addition, when 
comparing the lifestyle profiles of the 2 
populations (table 8), it can be seen that 
mothers in Japan were less likely to work 
outside the home, so that their likelihood 
of being exposed to such occupational 
exposures would be less than that of the 
Hong Kong mothers. 

In terms of possible sources of indoor 
air pollutants in the home, the data did 
not help explain the discrepancy in prev¬ 
alence rates in the 2 populations. Some 
604* of the Japanese fathers were cur¬ 
rent smokers versus only 364* of the 
Hong Kong fathers. Although cooking 
styles are greatly different between the 
2 populations, with Chinese cooking 
methods more likely to produce cooking 
fumes because of the stir-fry method, the 
percentages of kitchens with mechanical 
ventilation fans/hoods was the same in 
both populations, ix., 79 to 804*. 

It was interesting to note that the mean 
household size was statistically different 
(p * 0.000), with Hong Kong families 
averaging 5.31 persons versus 4.54 persons 
in Japan. The effects of family,size on 
the frequency of respiratory illnesses are 
shown in table 9. There was a tendency 
for Hong Kong mothers living in larger 
households to report more respiratory ill¬ 
ness than those living in smaller ones. 
However, such was not the case for the 
Japanese mothers. Moreover, among the 
Hong Kong mothers, no relationship was 
found between household density, i.e., the 
total number of people in the family 


TABLE 9 

RELATIONSHIP Of FAMILY SIZE TO RESPIRATORY ILLNESSES 
AMONG HONG KONG AND JAPANESE MOTHERS* 





Mother* with > 1 R*ap*aaory 
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40 
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TABLE 10 

RELATIONSHIP OP HOUSEHOLD DENSITY WITH RESPIRATORY 
ILLNESSES AMONG HONG KONG MOTHERS* 
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divided by the number of rooms they oc¬ 
cupied, and the frequency of respiratory 
illnesses (table 10). The Japanese dau did 
not contain information on household 
density for comparative analysis. 


Discussion 

The findings of this preliminary epidemi¬ 
ologic study on the prevalence of respira¬ 
tory illnesses among never-smoked 
mothers and children in Hong Kong and 
Tokyo suggest that such illnesses are much 
more common in Hong Kong. Hong 
Kong subjects were 10 or more times more 
likely than their Japanese counterparts to 
report symptoms of chronic cough and 
phlegm expectoration exceeding 3 months 
duration. 

The differences in reported frequencies 
of respiratory illnesses were greatest in the 
comparison of school children. Hong 
Kong children were 4.5 times more likely 
to have had a previous history of wheez¬ 
ing, and 8 times more likely to have had 
pneumonia than were Japanese children. 
Overall. 25.2 of the Hong Kong chil¬ 
dren versus I8.7Rb of the Japanese chil¬ 
dren had one or more of the surveys chest 
illnesses, and their mean numbers • :hest 
illnesses per sick child were 1.96 ar. ! .31, 
respectively. All of these differenct *ere 
statistically significant, with the cc oar- 
ison of those with chest illnesses c bor¬ 
derline significance (p - 0.066). 

We feel that the interpretation o* Sese 
findings must be viewed in light the 
degree of medical knowledge of : 2 
populations. For a mother to repc tat 
she or her child had suffered fron uch 
diseases as bronchitis, pneumonia th- 
ma, tuberculosis, or allergic rhinii she 
would have had to have been tolc toy a 
doctor of such a diagnosis/description 
of the problem. Because doctor-patient 
communication is poor in Hong Kong, 
and patients are frequently not told the 
diagnosis nor the names of the drugs that 
are prescribed, the know ledge/usage of 


such medical terms among the popula¬ 
tion would be infrequent. This would be 
especially true among the working-class 
mothers whose average educational at¬ 
tainment is primary school only (11). 
Thus, these illnesses, which we have la¬ 
beled as “respiratory diseases" would 
tend to be underreported in the Hong 
Kong population. On the other hand, 
such common descriptive terms as cough, 
phlegm expectoration, and wheezing are 
well understood by all, and thus the sur¬ 
vey was able to reflect a more accurate 
recording of the prevalence of these 
symptoms. 

Evidence for the fact that the greater 
unfamiliarity with medical terms among 
the Hong Kong mothers seemed to in¬ 
fluence their reported frequencies is 
reflected in the unrealistically low report¬ 
ing rate of tuberculosis. Only l.6^i of 
the Hong Kong versus 2.1^* of the Japa¬ 
nese mothers reported having such a his¬ 
tory. Yet it is known that the real rate 
should be much higher in Hong Kong 
since tuberculosis is still a common in¬ 
fectious disease in that community, with 
137.4 new cases/100,000 population 
reported and a mortality rate of 
8.4/100,000 (12) registered in 1983. The 
comparable incidence and mortality rates 
for Japan in 1985 were 48.4/100,000 and 
3.9/100,000. 

The Hong Kong subjects also reported 
more respiratory illnesses per person than 
did the Japanese subjects. These differ¬ 
ences were especially notable among the 
children where the group mean values 
showed the Hong Kong children to be 
more than 2.9 times higher than those 
of the Japanese children it test, p value 
■ 0.001). No differences were observed 
in the frequencies of these illnesses by 
sex of the child. 

Although the Hong Kong children 
were on average 8.5 months older than 
the Japanese children, we did not fee! that 
this slight age difference could account 
for the large differences observed in the 


Hong Kong children's higher reported 
frequencies of respiratory illnesses. In ad¬ 
dition, the children in both populations 
have been immunized with the generally 
recommended schedule of diphtheria, 
pertussis, polio, BCG, etc. vaccines, so 
these differences were not due to immu¬ 
nization rates. 

For both populations, however, there 
was a highly significant correlation be¬ 
tween the frequency of respiratory ill¬ 
nesses of each mother and her child. 
Mothers who reported one or more ill¬ 
nesses for themselves were about twice 
as likely to report a similar number for 
their children. 

For the Hong Kong mothers, a signifi¬ 
cant relationship was detected with in¬ 
creasing exposure to dust/smoke or 
gas/fumes in the workplace. The occur¬ 
rence of respiratory illnesses seemed to 
be related to occupational exposures to 
such pollutants in 34®?* of those ever ex¬ 
posed to dust/smoke, and 46®7» of those 
ever exposed to gas/fumes. For the Hong 
Kong population as a whole, the at¬ 
tributable risk percentage was 10.0^4 for 
the former and 8.8^i for the latter. How¬ 
ever, analysis of the data by whether the 
mother was currently employed or not 
did not show any significant differences 
in the reported frequencies of respiratory 
illnesses for herself or her child. 

The consistent tendency for Hong 
Kong subjects to have higher prevalence 
rates of respiratory illnesses than their 
Japanese counterparts is difficult to ex¬ 
plain. Although, as shown above, some 
relationship was found with previous oc¬ 
cupational exposure to dust or fumes in 
the workplace, the percentages of 
mothers currently working was not 
statistically different in the 2 groups. 

The role of indoor air pollution in the 
home from passive smoking or heat¬ 
ing/cooking activities has been inves¬ 
tigated. Japanese fathers were about 
twice as likely to be smokers than were 
Hong Kong fathers. Moreover* in another 
report on the Hong Kong mothers (13), 
no association was found between the 
prevalence of chronic cough or sputum 
ind the smoking patterns of their hus¬ 
bands. The etiologic role of cooking ac¬ 
tivities is also doubtful, as the propor¬ 
tion of kitchens with mechanical venti¬ 
lation such as fans or cooking hoods was 
not different in Toyko and Hong Kong. 
Previous case-control studies on the role 
of cooking fuels in lung cancer risk 
among females in Hong Kong (14) and 
Japan (15) did not find an association 
between fuel type (ix., kerosene, liquid 
petroleum gas, charcoal, and wood/ 
grass) and lung cancer risk. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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Among the variables compared, Hong 
Kong families tended to be significantly 
larger, averaging 5*31 persons versus 4.54 
for Japanese households. Among Hong 
Kong mothers, some association was 
found between larger household size and 
the frequency of respiratory illnesses, but 
such was not the case for household den¬ 
sity. Moreover, larger household size was 
not associated with more respiratory ill¬ 
nesses among the Japanese mothers. Al¬ 
though both household size and density 
are related with socioeconomic status, the 
lack of an association with household 
density in Hong Kong would seem to in¬ 
dicate that these variables were not sim¬ 
ply surrogate measures of household in¬ 
come. This is because, with the extremely 
expensive rental situation in Hong Kong, 
higher density living is directly associated 
with less income, whereas household size 
may reflect the persistence of an extended 
family system and, traditionally, accord¬ 
ing to the Confucian ethos, 3-generation 
families are desirable. 

Several possibilities may help explain 
the patterns of respiratory illnesses in 
both populations. Recall bias may play 
a role as there was an increasing tendency 
for mothers reporting one or more respi¬ 
ratory illnesses for themselves to report 
the same for their children. This tendency 
was found in both the Japanese and the 
Hong Kong mothers, so it would not ex¬ 
plain their highly different prevalence 
rates of respiratory illnesses. The princi¬ 
ple of recall bias may have operated also 
on the finding that occupational ex¬ 
posures were related to respiratory ill¬ 
nesses among the Hong Kong mothers, 
since those with such illnesses may have 
been more likely to recall such past ex¬ 
posures than those without such prob¬ 
lems. However, occupational exposures 
to such pollutants could only account for 
9 to 10«7» of the respiratory illnesses in 
the Hong Kong mothers. 

The role of cross infection, ije., mother 
to child or other household members to 
mother or child, seems suggested by: (/) 
the direct association between household 
size and frequency of respiratory illnesses 
in the Hong Kong mothers, (2) the corre¬ 
lation between multiple respiratory ill¬ 
nesses within each mother-child pair in 
both populations, and (3) that Hong 
Kong families were significantly larger 
than Japanese families. However, no such 
association was found with household 
density, which would seem a more direct 
measurement of the potential for cross 
infection since the chances of spreading 
infectious respiratory diseases should be 
correlated with higher household densi¬ 
ties. It appears that other not yet identi¬ 


fied environmental factors are needed to 
explain these results. 

The findings of this study, showing 
mothers and especially children in Hong 
Kong to have larger numbers of sick sub¬ 
jects and to have more illnesses per sub¬ 
ject than their Japanese counterparts, are 
consistent with the findings of other sur¬ 
veys in both areas. Questions added to 
an international survey in 1986 on pas¬ 
sive smoking and urinary cotinine levels 
sponsored by the International Agency 
for Research on Cancer indicated that 
women in Hong Kong were about 10 
times more likely to report symptoms of 
chronic cough or phlegm than were 
women in Sendai, Japan. A population 
survey of respiratory illnesses in Japan 
in 1983 (T. Mori, personal communica¬ 
tion) indicated that the reported age- 
adjusted rates of such illness for non¬ 
smoking women in Japan were similar 
to those reported among the Japanese 
mothers in this survey. Thus, we feel that 
the reported differences in the frequen¬ 
cies of respiratory illnesses in Hong Kong 
and Japan are not artifactual. 

These results agree with the contrast¬ 
ing female lung cancer incidence rates in 
the 2 areas. The epidemiologic data 
showed that chronic bronchitis was as¬ 
sociated with increased risk for lung can¬ 
cer in females (I). Moreover, the mul¬ 
tistage model of carcinogenesis makes 
this association biologically plausible 
since these symptoms result from and re¬ 
sult in a chronic irritation effect on the 
respiratory tract, making it more suscep¬ 
tible to the action of carcinogenic initia¬ 
tors or promoters. Previous occupational 
exposure to dust or fumes was associated 
with respiratory illnesses in the Hong 
Kong mother, and frequencies of such 
illnesses in the mother were directly 
related to those in her child. Although 
this could account for a portion of the 
respiratory illnesses, more investigation 
is needed to find other etiologic agents 
in the Hong Kong environment to ac¬ 
count for the higher frequency of respi¬ 
ratory health problems. A recent time- 
trend analysis by Barker and Osmond 
(16) in England and Wales showing that 
respiratory diseases in childhood led to 
higher mortality rates from chronic bron¬ 
chitis and emphysema later in adult life, 
ominously suggests that the high rates 
of childhood respiratory illnesses found 
in the Hong Kong population today por¬ 
tends to excess mortality from respira- 
tory diseases in the future when these 
children reach 40+ yr of age. 
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ABSTRACT: Factors contributing to differences in the 
prevalences of respiratory symptoms and diseases among ethnic 
groups were studied in primary schoolchildren living in 20 
innercity areas of England in 1983. The raised prevalences of 
respiratory symptoms in these groups were compared with results 
from a national representative sample of children studied in 1982. 
Data on age, sex, respiratory illness, and social and environmental 
variables were obtained by questionnaire for 4815 children living 
in innercities. The children were classified as white, 
Afro-Caribbean, Urdu, Gujarati, Punjabi, other Asian, or "other." 
Significant differences in the prevalence of respiratory conditions 
were found among the ethnic groups after allowance was made for 
the effects of interfering variables. Except for asthma all 
conditions were most prevalent in Afro-Caribbeans and whites. In 
these two ethnic groups respiratory illness was significantly 
associated with belonging to a one parent family and the combined 
use of gas cookers and paraffin heaters at home. 

Respiratory illness was found to vary in prevalence among; 
ethnic groups but may be perceived differently by different groups. 
Further studies, measuring lung function, are necessary. 
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Thus any benefit of anticoagulants is likely to be modest * and a large 
randomised trial would be required to detect it reliably. Of course* 
any modest,benefit would be offset by the complexity, side effects, 
and cost ,of the vestment, in any case, s rather small population of 
patients with stroke are eligible for such treatment On the other 
hand,our negative results, based on a non-randomised comparison 
and with fairly wide confidence intervals, are vinhkeh ro convince 
doctors who are already using long term anticoagulant treatment 
despite the lack of good data to support their opinion To resolve 
this dilemma w-e are planning a three year randomised imJ of 1200 
patients to compare treatment with anticoagulants, aspirin, and 
placebo. 

The Oxfordshire community stroke protect is funded by the Bnush 
Medical Research Council land the Chest, Hean, and Stroke Associauon 
Tbe Dutch Mean Foundauon supported ]L dunng a visit to Oxford for 
three months 
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Respiratory illness and home environment of ethnic groups 

R J W MEL1A. S CHINN, R ] RONA 




Abstract 

Factors contributing to differences in tbe prevalences of 
respiratory symptoms and diseases among ethnic groups 
were studied is primary schoolchildren living is 20 inner city 
areas of England in 1983. The raised prevalences of respiratory 
symptoms in these groups were compared with results from a 
national representative sample of children studied in 1982. Data 
on age, sex, respiratory illness, and social and environmental 
variables were obtained by questionnaire for 4815 children 
Kving in inner cities. Tbe children were classified as white, 
Afro~Caribbcan, Urdu, Gujarati, Punjabi, other Asian, or 
“other.” Significant differences in the prevalence of respiratory 
conditions were found among the ethnic groups after allowance 
was made for tbe effects of interfering variables. Except for 
l asthma) all conditions were most prevalent in Afro-Caribbcans 
and whites. In these two ethnic groups respiratory illness was 
significantly associated with belonging to a one parent family and 
tbe combined use of gas cookers and paraffin beaters at borne. 

Respiratory illness was found to vary in prevalence among 
ethnic groups but may be perceived differently by different 
groups. Further studies, measuring lung function, are necessary. 
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Introduction 

The health of ethnic minority’ groups in the United Kingdom has 
been the subject of considerable discussion and concern dunng the 
past rwo decades. Inherited disorders such as sickle cell anaemia and 
illhesses such is rickets have been highlighted. *’ Respiratory health 
has not been studied thoroughly, though a higher prevalence of 
respiratory illness has been reported in West Indians'* and 
respiratory illness in infants was reported to be more common 
among Bengalis than the indigenous population of an inner city 
area ' Tbe cause of these differences has not been studied in detaili 
although poor social or cum stances are probably a factor in some 
ethnic groups. As respiratory disease in childhood has been linked 
with susceptibility to respiratory - disease in later life* it is important 
to investigate the causes of variation in respiratory health between 
children of different ethnic groups to identify preventive measures. 

This study of primary* schoolchildren investigated the prevalence 
of respiratory illness in ethnic groups in inner city areas and factors 
that contribute to differences in prevalence among the ethnic groups 
and between the groups from inner cities and a national sample of 
children. 


Subjects and methods 

Id ]9I3 data on respiratory symptoms and diseases were collected in the 
nauona! study of health and growth, a surveillance study of primary 
schoolchildren thai included w hile, Afro-Caribbean. Indian, and Pakistani 
children from inner cirv areas/ most of whom had spent most of their lives in 
Britain Twenty wards in England wuh a high percentage of children of 
Afro-Ganbbean and lndo-Pakistani ethnic ongin and children living in inner 
city areas with a high level of overcrowding, unemployment, or Uck of 
exclusive use of amenities had been selected, and about 350 children 
aged 5-11 from one or rwo schools dose to the geographical centre of each 
ward had been studied In 1913 the study investigated ethnic mmonues for 
the first tune. Several factors were studied in connection with respiraiorv 
disease but amuJung was not one of them. To assess further the sue of the 
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och respiratory symptom were xkh significant. Significant difference in the 
prevalence of all conditions wen found among tbc ethnic groups (p<0*05, 
•her allowance was made for the effecu of the independent variables These 
faults were to those for tbc unadjusted prevalences and arc 

illustrated in table 111 adiusted to boys aged 8 with a mother with secondary 
school education and with one sibling. 

The second set of regression analyses, conducted in 2022 whites and 
SBO Afro-Caribbeans, studied additionally the effects of belonging to a one 
parent family and of living in • home w which gas coohm. or paraffin bt*\cr> 
were used Table IV gives the relieve rah of respiratory conditions 
associated with mother's education, number of children in the family, 
bgtcm ging to a one parent family, and use of gas cookers and paraffin beaten 
Results for asthma and bronchitis showed no significant nciauon to any of 
these factors and arc not shown. High risks of all the conditions shown in 
table IN' were associated with one parent families compared with two parent 
families (jk 0 05). The risk of respiratory illness increased when two or 
more sources of nitrogen dioxide (a gas cooker and paraffin beaten) were 
present in tbc home. The association between gas cookers alone and 
respiratory illness approached significance for tough in the morning and 
wheeze (p<01). The association berween respiratory illness and the 
combined use of a gas cooker and paraffin beaten wu significant for colds 
going to the ebest and the presence of one or more respiratory conditions 
(jkO 05} For a subset of 2164 whites and Afro-Cahbbeans regression 
analysis of each respiratory coDdiuot* was conducted to include father’s 
social dess and uptake of free school mea/s The effects on respiratory illness 
of one parent families and the combined u* of gas cookers and paraffin 
haters remained significant for colds going to (be chat (p<0 05 ; and 
borderline for the overall measure (p* 0*052). 

To assess further the problem of respiratory illness m oner dues the 
prevalence of respiratory coodiuoos in the 1983 sample of white children was 
compared with the prevalence in the 1982 national r ep r e s entative sample 
after allowance had been made for the effects of interfering variables The 
prevalences of cough in the morning, cough during the day or night, 
wheeling, and broochius were significantly higher in 1983 than 1982 
(p<0 05 


Discustion 

Is our study Afro-Caribbeans and white people living in inner 
cities had higher prevalences of several conditions compared with 
Asians. In a national cohort of children the prevalence of wheezing 
was significantly higher in children with West Indian and British 
parents than those with Asian parents CpcO Ol )* but the prevalence 
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of asthma and bronchius did not differ among ethnic groups. 12 West 
Indian* and Bengali' infants have been reported to attend accident 
and emergency departments because of respiratory disease more { 

commonly than white children, but this may partly reflect a | 

different pattern of use of health services by ethnic groups. Smith 
found asthma and wheezing in 5-6 year olds to be more prevalent in 
West Indians born in England than in Asians born ui England or 
abroad 4 It is unclear, however, which groups of Asians were being 
studied. In our study the prevalence of asthma differed among 
groups of Asians 

The differing results of studies may be explained partly by 
differences in methodology and partly by biases in the results. 

Three main biases should be considered' Firstly, certain ethnic 
groups such as Punjabis are not homogeneous, and subgroups 
would be expected to differ in health. The distribution of these 
subgroups varies in England, and a study in one area is likely to 
contain only one subgroup. Each ethnic group in our study lived in 
several areas of England, so our results cover a range of children 
within each group. Secondly, respi ratory illness may well be 
perceived differently by each ethnic group, and these differences 
may not have been dealt with simply by translating the question¬ 
naire. Although studies of the incidence and prevalence of 
respiratory disease indicate the burden of respiratory disease 
experienced by some groups, objective measures of respiratory ill 
health, such as lung function, would contribute further to the 
study of respiratory illness in ethnic groups. Thirdly, in this 
study response rates varied among ethnic groups even though 
non-responders were followed up by health visitors and the 
questionnaire was available in three languages Inclusion of 
non-responders known to have respiratory illness, however, made 
no difference to our results. The relation of respiratory illness to 
factors such as age was similar to previous findings, which gives 
some credence to our results. 

A raised prevalence of respiratory illness might be expected in 
large families" and when the mother 's educational level is low, this 
being associated with poor sociaJ class,“ but such was not the case in 
this study. Single children had significantly more colds going to the 
chest and more wheezing (p<0 05) than children with three or more 
siblings. A mother with only one child to care for may be more aware 
of that child developing respiratory illness than mothers with larger 
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families to look after A low educational level of the mother was 
associated only with a high prevalence of cough (p< 0 05!. It may be 
inappropriate to compare educational background of ethnic groups, 
particularly those educated abroad, as educational categories may 
not be directly comparable. 

Two other factors previously associated with respiratory illness in 
children—namely, belonging to a one parent family 1 ' and exposure 
to indoor air pollution from gas cookers and paraffin heaters" * ■’— 
could be studied only in AfrtvCaribbeans and whites. Belonging to a 
one parent family is likely to measure poor social circumstances, but 
a single parent may be more aware of a child developing respiratory 
illness “Die association of respiratory illness with the combined use 
of gas cookers and paraffin heaters might reflect poor social 
circumstances as well as high concentrations of nitrogen dioxide 
indoors, which may sometimes exceed the European Community's 
directive for outdoor concentrations of nitrogen dioxide, '‘'firental 
smoking habit was not analysed, though smoking has been reported 
to be more common among Afro-Caribbeam and whites than 
Asians^ 

This survey highlights the problem of respiratory disease in 
children living in inner cities. Such disease was significantly more 
prevalent in whites compared with all groups in the national sample 
and varied considerably among ethnic groups. Strong evidence 
suggests that childhood respiratory illness leads to poor respiratory 
health in adulthood .♦ We intend to study the variation in respiratory 
illness among ethnic groups further. 

We thank Professor W W Holland for his encouragement and the doctors, 
nurses, teachers, clerks, and held workers m the nauonai study of health and 
growth for their help This study was supported by grants from the 
Department of Health and Social Security and the Scotush Home and 
Health Department t 
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SHORT REPORTS 

Is surgical closure of the back lesion in 
open neural tube defects necessary? 

Early closure of the lesion u believed to be central to the management of 
open neurai tube defects Non-closure of the defect, however, does not 
necessarily increase morbidity to mortality 11 Since 1978 open neural itube 
defects in pauents with a poor prognosis have not been closed at our unit»but 
the pauents have received full medical and nursing care, including 
amibioucs and shunts for hydrocephalus when necessary. We compared 
these pauents wub an earlier group who had received early closure as an 
urgent treatment. 


Patients, methods, and muhs 

We reviewed p*uems wub open neural tube defect* above L2 or hvdrocrphaJus 
at birth, or both j Altogether 109 had been bom between 1964 and 1971 and 105 
bom between 1971 snd 1985 Treatment policies differed only in that children 
bom between 1964 and 1971 had received early closure of the defect whereas for 
children bom berween 197g and 1985 closure had not been performed or had been 
deferred unul they were at least l months old Data were analysed with the 
statistical package for the social sciences Life tables and the Lee Desu stannic 
Pauents who died before they developed a complication were included as 
"Censored" data Mortality and the incidence of hydrocephalus, insertion of » 
shunt, vemncuUus, and ventneubus before insertion of a shunt were compared 
by relating the difference at any time to the standard error of the difference 
expressed as a standardised normal 2 statistic 

No significant difference in the sex ratio, number of children bom wish 
hydrocephalus, or number of children with a neurological level above L? was 
found between the rw© groups The table shows that non-closure resulted in a 
significantly lower incidence (p<0 00!)of hydrocephalus, insertion of a shunt, 
ventneubus, and ventneubus before insertion of a shunt during the first few 
months of life but did not affect mortality throughout the first year After the first 
year there was no s ig n i fi ca n t difference in any of the complication* between the 
groups 

Hydrocephalus correlated wnh ventneubus (p<0 001j dunng the first year, 
among those whose wound was not closed 17 of the 72 paucim with hydro¬ 
cephalus developed ventneubus compared with us of the 37 without hydro- 


Cvmuianvf nmi;*/ and proponwru SE of habits truA open ntwal mbt itften 
cn/Aou; tkt ccmpluatvmi sptttfitd at ant, ihrrt, ux, and 12 mtmiks 




Months from btnb 



J 

1 

* 

12 

Survival 





EsrK rtoturt 

OM 0 03 

0 71 0 04 

0 *5 0 05 
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0 *4 0 05 ” 

0 51 0 05 

041.006 

Non-closure 

Without venincubus before 

094.0 03 

0 7* 004 

0*9 005 

0 41.0 06 

wwnKMi of a shuoi 

Early closure 

0 "Ji© ©?'• 

0 6* 0 06 

0'6* >0 06 

0 *6 0 06 

Nbeiictesurr 

0 90 0 06 

0 15 0 07: 

0 75 0 09' 

0 75 0 09 


*Sifrubcanct of difference berween group* p<0 001 


cephalus, and similar results were touod lor the babies who received early 
closure. 


Comment 

We are aware of the caution necessary to analysing historical data 
Nevertheless, the finding that mortality did not increase when the neural 
rube lesion was not dosed implies, contrary to previous belief, that early 
closure as an urgent procedure ts not essential for an optimal 1 prognosis 
Similarly, the inodencr of ventneubus and^ more imponamly, of 
ventneubus before shunting was reduced dunng the first three months by 
non-closure of the defect, suggesung that early closure may not be necessary 
to reduce the nsk of ascending tnfecuon 

The incidence of both hydrocephalus and inscruon of a shunt was 
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Goren, A. I., Hellmann, S. "Prevalence of Respiratory Symptoms and 
Diseases in Schoolchildren Living in a Polluted and in a Low 
Polluted Area in Israel" Environmental Research 45: 28-37, 1988. 

SUMMARY: Second and fifth grade schoolchildren living in two 
communities with different levels of air pollution were studied. 
The parents of these children filled out ATS-NHLI health 
questionnaires. The prevalence of reported respiratory symptoms 
and pulmonary diseases was found to be significantly higher among 
children growing up in the polluted community (Ashdod) as compared 
with: the low-pollution area (Hadera). Logistic models fitted for 
the respiratory conditions which differed significantly between 
both areas of residence also included background variables that 
could be responsible for these differences. Relative risk values, 
which we calculated from the logistic models, wee in the range of 
1.47 for cough without cold to 2.66 for asthma for children from 
Ashdod, as compared with 1.00 children from Hadera. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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Prevalence of Respiratory Symptoms and Oiseases in 
Schoolchildren Living in a Polluted and in a 
Low Polluted Area in Israel 1 

Ay ana 1. Cohen and Sarah Hellmann 

Restate* institute for Environmental Health. Ministry of Health and Tel AWr L'atversity 
Stickler School of Medicine. Tel A w. Israel 69978 

Received March II. IW7 

Second and fifth grade schoolchildren living in two communities with different levels of 
air pollution were studied. The parents of these children filled out ATS-VHLl health quev 
tionnairev The prevalence of reported respirators symptoms and pulmonary ifaca** was 
found to be significantly higher among children growing up in the polluted community 
(Ashdod) as compared with the low-pollution area tHaderai. Logistic models fitted for the 
respiratory conditions which differed significantly between both areas of residence also 
included background variables that could be responsible for these differences. Relative risk 
values, which were calculated from the logistic models, were m the range of 1.47 for cough 
without cold to 2.66 for asthma for children from Ashdod. as compared with MX) for chik 
dren from Hadera. c ms aokm i me. | 


INTRODUCTION 

It is welt known that high air pollution concentrations may influence morbidity 
and mortality from respiratory conditions. However, the health impact of long¬ 
term exposure to low concentrations of air pollutants is not fully known. Many 
surveys have been carried out during the last decades in an effort to detect pos¬ 
sible health effects resulting from long-term exposure to low concentrations of air 
pollution. In these surveys, which were mainly carried out among adults, it was 
demonstrated that factors such as smoking and occupational exposure are corre¬ 
lated with the incidence and prevalence of respiratory conditions (Colley and 
Holland. 1967; Colley et al .. 1973; Goldsmith and Friberg. 1977; Holland et n/.. 
1969a; Irvine et al.. I960). Since the effects of air pollution on the respiratory 
tract are relatively low as compared with those of smoking, controlling for such 
factors in the analysis is crucial. 

Many surveys have recently been conducted among young children who are 
not occupationally exposed and do not smoke (Bierstcker and Lceuwen. 1970; 
Coffey and Brasser. 1980; Colley and Reid. 1970. Ferris. 1978a; Goren and Gold¬ 
smith. 1986; Hofma et al,. 1979; Irvine et at.. 1980; Lunn etal.. 1967; Melia et at.. 
1981; Mostardi et al .. 1981a; Mostardi et til.. 1981b; Toyama. 1964). 

However, many variables other than smoking and occupational exposure may 
affect the respiratory system in the same direction as air pollution and should 
therefore be taken into account in the analysis. Such variables are socioeconomic 


• Thit survey w»» supported b> » gram from the Israel Ministry of Health. 
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status (Colley and Reid. 1970: Goren and Goldsmith. 1986: Holland tt al.. 1969a. 
b: Melia et al .. 1981: Peat tt al.. 19801. crowding index (Holma et al.. 1979: 

Leeder et al.. 1976: Lunn et al.. 1967: Peat et al.. 1980). type of fuel used in 
household (Hasselblad et al.. 1981). smoking habits of adults at home (Bland et 
al., 1978; Cameron et-al.. 1969: Colley. 1974: Fergusson et al.. 1980: Fergusson et 
al.. 1981: Goren and Goldsmith. 1986: Hasselblad et al., 1981: Lebowitz and 
Burrows. 1976: Leeder et al., 1976; Schilling et at.. 1977: Tager et al.. 1979: Vedal 
tt al.. 1984: Ware et al.. 1984). and respiratory diseases among family members of 
the observed children (Colley. 1974: Goren and Goldsmith. 1986: Higgins and 
Keller. 1975: Leeder et al.. 1976; Schilling et al.. 1977; Tager et al.. 1978). This 
work was earned out in order to compare the health status of children growing up 
in a polluted area with that of children in a clean one. taking into account all the 
above-mentioned factors. It was assumed that children growing up in a region 
with elevated sulfur dioxide concentrations suffer from more respiratory 
symptoms and diseases as compared with children growing up in a clean area. 

MATERIALS ANO METHODS < 

This survey was carried out among schoolchildren from two communities lo¬ 
cated along the Israeli coast 80 km from each other, but differentially exposed to 
air pollution. One group lives in Ashdod (Fig. I). which is an industrialized town, 
mainly polluted by an 1100-MW oil-fired power station, refineries, and a complex 
industrial zone (which includes a herbicide factory and acrylic fiber and lead¬ 
melting plants). The population of this area numbers about 65.000 (the country of 
origin of their fathers: 3291. Europe-America: 4991. North Africa: 1491. Asia; ? 

and 591. Israel). The second group lives in Hadera. which was an unpolluted area 
in 1980 (when this survey was carried out). These baseline health data in Hadera 
were gathered in the framework of a prospective epidemiological monitoring pro¬ 
gram carried out in this area since a new 1400-MW coal-fired power plant was to 
begin operating there in 1982 (Toeplitz et al.. 1984). The population of this area 
numbers about 76.000 persons (the country of origin of their fathers: 3991. 

Europe-America: 2891. North Africa: 1991. Asia: and 1491. Israel). 

Study population. Second and fifth grade pupils from 24 schools in Hadera and 
surroundings (a low-pollution area) were studied in 1980. In 1982 second and fifth 
grade pupils from 15 schools in Ashdod and surroundings (a polluted area) were 
surveyed. 

Health questionnaire. The health questionnaire (Ferris. 1978b) used in this 
study is a translation into Hebrew of the ATS-NHL1 (American Thoracic So¬ 
ciety and the National Hean and Lung Institute) health questionnaire to be self- 
administered by the children's parents. The questionnaires were distributed in 
both communities between March and June by the school nurse, who also col¬ 
lected them after they had been filled out. From the health questionnaires the 
following information was obtained: respiratory symptoms and diseases of the 
children, socioeconomic status, type of household fuel used, smoking habits of 
the parents, respiratory problems in the families. 

Of the 1984 questionnaires distributed in the Hadera area. 1702 were returned 
—a response rate of 85.891. In Ashddd. 1826 questionnaires were distributed and 
1672 were filled out—a response rate of 91.691. In both areas, almost all the 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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Fig. I. Site of the two communities Hatters i non polluted! and Ashdod 'pottwcdi. 


children of the studied cohorts living in the community for at least 5 years were 
examined. a- 

Air pollution measurements. Air pollution measurements are carried out in the 
Hadera area by the local municipal authorities and in the Ashdod area by the 
electric company. The monitoring stations in the Hadera area (low pollution) are 
fully automatic and measure SO*. NO. NO*. NO*, total hydrocarbons. O,. CO. 
TSP. and various atmospheric parameters (such as temperature and humidity). 
S0 2 is measured by means of a flame photometric instrument, and NO* by a 
chemiluminescent apparatus. 

The monitoring stations in the Ashdod area (polluted) are automatic and mea¬ 
sure SOj. NO*, soiling index, and meteorological parameters. SO* is measured by 
means of a conductometric instrument and NO* by a chemiluminescent appa¬ 
ratus. 

Analytic procedure. Statistical analysis of the dau was carried out by means of 
the SPSS program (Nie et a!.. 1973). Prevalence of respiratory symptoms and 
diseases according to place of residence was analyzed by means of the x : test for 
examination of independence between two variables. The possible effect of a dif¬ 
ferent distribution of background variables in both areas of residence was exam¬ 
ined by stratification. 

In order to examine the combined effect of all variables in each area, a non- 
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hierarchical logistic model (Dixon ft a/.. 1981) was fined for the frequency of 
each respiratory symptom or disease. Those background variables which were 
included in the logistic regression for each population and the areas of residence 
were included in the logistic model fitted for the respiratory condition in the 
pooled data set of both populations. The equation for the predicted proportion of 
the respiratory condition £<{) according to the logistic regression is £({) • 

<•/! * e“ in which/is the frequency of the respiratory condition, n is the sample 
size, u * a * P,.r, * + — Par'*- in which x t ... x m are the back' 

ground (binary) variables and a. p,. p... . p m arc the coefficients. 

The logistic regression estimates the coefficients of the background variables 
(such as father's country of origin, crowding index, type of household fuel used, 
smoking habits of parents, and respiratory diseases among children's fathers) in a 
stepwise manner. 

The relative risk iRR) to suffer from a respiratory condition in the polluted 
community as compared with the low.pollution community was calculated from 

the logistic regression as follows: RR * e*l where p, is the coefficient of the area i 

of residence. 

RESULTS 

SO : concentrations—both monthly averages and maximal half-hourly concen¬ 
trations—are much higher in Ashdod than in Hadera. The same holds for NO, 
concentrations in both areas (Table I). 

The frequency of reported respiratory symptoms (Fig. 2) among schoolchildren * 

from Ashdod. the polluted area, is higher than among children growing up in the 

TABLE 1 

Monthly averages and Maximal Half-Hourly Concentrations or Sulfur Dioxides iin 
m»i and NO, iin ppbi in ashdod (Polluted Areai and in Hadera iLow Polluted area) 

in (982 


Hadera Ashdod 


Month 

SO; i»| m*> 

NO, tppb) 

SOjingm 1 ! 

NO, ippbt 

Monthly 

average 

Maxima] 
16 hr 

Monthly 

average 

Maxima) 
Vi hr 

Monthly 

average 

Maximal 

*hr 

Monthly 

average 

Maximal 
•6 hr 

Januarv 

7:0 

416 

7.7 

53 

27.7 

276 

32.3 

521 

February 

7.0 

99 

6.9 

37 

42.4 

402 

7.7* 

31 

March 

6.5 

179 

• 4 

76 

22.7 

493 

13.3 

43 

April 

6.: 

146 

s: 

57 

406 

670 

19.1 

127 

May 

5.2* 

169 

10.2* 

94 

45.2 

136 

32.3 

176 

June 

y\ 

135 

go 

95 

II. 1 

415 

7.9 

69 

July 

26 

6S 

7.3 

12S 

10.6 

309 

11.3 

76 

August 

1.0 

IS 

6.4 

60 

III 

133 

It.6 

97 

September 

4.7 

140 

7.5 

M 

21.1 

417 

19.3 

63 

October 

34- 

166 

6.2- 

39 

21.6 

451 

17.6 

74 

November 

2.1- 

203 

6.9- 

71 

33.0 

295 

•4.1- 

7# 

December 

IS 

62 

7.0 

4* 

30.4 

595 

33.3- 

200 


• Data availability less than SOCt. 
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FiO. 2. Prevalence of respiratory symptoms tin among second and fifth grade school children 
from Ashdod (polluted area) and from Kadera (nonpolluted area). 7 < 0.05; *7 < 0.01: ** a f < 
0 . 001 . 


nonpolluted area (Hadera). Cough without cold, sputum without cold, wheezing 
without cold, attacks of cough with sputum, and wheezing accompanied by 
shortness of breath are significantly more common among Ashdod children. Il 
should be emphasized that transient respiratory symptoms, namely, cough with 
cold, sputum with cold, and wheezing with cold, are not significantly more 
common among children from the polluted area. 

Figure 3 summarizes the frequency of reported respiratory diseases tin 9f| in 
second and fifth grade schoolchildren in Ashdod and Hadera. Chest illnesses that 
kept children from their usual activities, chest illnesses with sputum production, 
number of such illnesses, pneumonia, bronchitis, and asthma are significantly 
more prevalent among children growing up in Ashdod. On the other hand, ill* 
nesses such as measles, sinus trouble, ear infections and allergy are pot signifi¬ 
cantly more common among Ashdod children. Analysis of background variables 
which may influence the prevalence of respiratory conditions of the children 
shows that children in Ashdod grow up in more crowded homes, in fewer houses 
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- Ashdod (polluted areal and from Hadera (nonpolluted areal. 7 < 0.05: *7 < 0.01: ’*7 < 0 001. 
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with heat, their fathers report more respiratory problems, and their fathers are 
more frequently from oriental countries, as compared with children from Hadera 
(Table 31. The effect of these background variables on the prevalence of respira¬ 
tory problems among Ashdod children was controlled for in further analytic pro¬ 
cedures. 

It could be shown, by stratification, that the different prevalence of respiratory 
symptoms and diseases among children from Ashdod and Hadera remains consis¬ 
tent (although not always statistically significant) within the subgroups of back¬ 
ground variables. For instance, among children whose houses are heated (Table 

3) . the prevalence of respiratory symptoms and diseases is higher in Ashdod chil¬ 
dren than in Hadera children: the difference is statistically significant for most 
symptoms and diseases. 

The logistic models fitted for the respiratory conditions which differed signifi¬ 
cantly between both areas of residence enabled a calculation of the relative risk to 
suffer from a respiratory condition in Ashdod as compared with Hadera. Most of 

the models fitted included the area of residence as a significant component (Table * 

4) . All the models included some background variables, especially respiratory 
conditions of the fathers. 

Most of the models fitted for respiratory conditions demonstrate well the inter¬ 
actions between the respiratory conditions and the background variables. 

The relative risks calculated for respiratory conditions in Ashdod are between 
1.47 for cough without cold and 2.66 for asthma, as compared with 1.00 for Ha- 
dera children. 


DISCUSSION 

Our results are in accord with findings in the literature, which indicates a 
higher prevalence of respiratory symptoms and diseases among children growing 
up in polluted as compared with nonpolluted areas. The WHO collaborative 
study on the relationship between air pollution and respiratory diseases in chil- 


TABLE 2 

Frequency iis *5 1 or Background Variables among Second and Fifth Grade 
Schoolchildren from ashdod iPolluted Area) and Hadera (Nonpolluted .area) 


Background variable 

Frequency in 
Hadera i*l 

Frequency in 
Ashdod Kf) 

F value 

Crowding index 

1*1.5 peraonvroomi 

56.0117)11* 

61.3 HMD) 

000* 

No healing 

12.6117911 

24.0(1450) 

<0001 

Father's education 

t«8 years) 

29 7116821 

27.5(1X4) 

N.S.I0.I681* 

Mother smoking 

21.6 41744) 

lb 1(1*91) 

<0.001 

Respiratory diseases 

among fathers 

*.*■15571 

IO.MI162I 

0.034 

Onen la) on gin 

of father 

52.5 U775) 

b*.2 (1420) 

<1)001 


* Number of children in parentheses. 

* P > 11.05 is convitieret) as VS 
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TABLE 3 

Prevalence (in or Respiratory Symptoms and Diseases among Second and Fifth 
Grade Schoolchildren from ashdod (Polluted Area) and Hadera (Nonpolluted Areai 

WTTHIN THE SURGROUP OF CHILDREN WHOSE HOUSES ARE HEATED 


Respiratory 
symptom or disease 

Prevalence in 
Hadera <9h 

Prevalence in 
Ashdod<*) 

P value 

Cough with cold 

39.9 i I336P 

40.1 0080) 

N.S .10.957)* 

Cough without cold 

1.2 (1530) 

14 J (1075) 

<0.001 

Sputum with cold 

19 1 114*5) 

20.8(1050) 

N.S.iO.333) 

Sputum without cold 

).9ll48l) 

6.9 00)8) 

0.001 

Wheezing with cold 

I4.0H426I 

17.0(997) 

0.050 

Wheezing without cold 

7.1 0245) 

9.1(936) 

0030 

Cough * sputum 

Wheezing with shortness 

6.3(1423) 

10.10009) 

<0.001 

of breath 

10.6 0467) 

13.6(1029) 

0.028 

Chest illnesses 

5.8 0509) 

9.5(1051) 

<0.001 

Chest illness with sputum 

Three or more illnesses 

4.) 0)961 

7.8(1020) 

<0.001 

with sputum 

2 4 04041 

4.5(1006) 

0 005 

Measles 

16 4 0292) 

17.5 (888) 

N.S (0 560) 

Sinus trouble 

4.9 0248) 

3.7(859) 

SS.iO.243i 

Bronchitis 

22.0 0)2?) 

25.4 (903) 

S.S.I0.070I 

Asthma 

9.8 0260 

13.0(868) 

0.026 

Pneumonia 

12.9 0)071 

18.1(901) 

0.001 

Ear infections 

)1.7 0)041 

32 6 (868) 

N.S.10.683) 

Allergy 

15.9 049)) 

19.1 iIOIS) 

0.043 


• Number of children in parentheses. 

• P > 0.05 is considered as N.S. 


dren (Colley and Brasser. 1980) showed a close association between air pollution 
and various respiratory indices in children. The Croupe Cooperatif PAARC 
(1982) also demonstrated that children growing up in SO^-polluted areas in France 
show a higher prevalence of upper respiratory symptoms. 

table 4 

Relative Risk for Respiratory Symptoms and Diseases for Second and Fifth Grade 
Schoolchildren from ashdod ( Polluted areai as Compared to Hadera 
(Nonpolluted Area) 


Respiratory symptom 
or disease 

Hadera 

Ashdod 

P value 
(for area) 

Cough without cold 

1.00 

1.47 

0.049 

Cough * sputum* 

1.00 

1.55 

0007 

Chest illnesses 

1.00 

1.95 

0003 

Chest illnesses ♦ sputum 

1.00 

191 

0.015 

Bronchitis* 

1.00 

2.30 

0008 

Asthma 

1.00 

2.66 

0039 

Pneumonia 

1.00 

1.47 

0003 

Respiratory diseases 
among siblings 

1.00 

1.5*; 

ooo: 


* The model does not fit very well tP value for model <0.11. 


fO 

o 

w 

Co 

{2 

8 

<c 


Source: https:77www.industrydocuments.ucsf.edu/docs/zsyxOOOO 



RESPIRATORY CONDITIONS IN CHILDREN 


35 


Other cross-sectional surveys carried out among schoolchildren in different 
countries also showed an association between area of residence and prevalence 
of upper and lower respiratory tract illnesses (Colley and Holland. 1967; French 
et al.. 1973: Hammer et al.. 1976: Love et al.. 1981; Lunn el at., 1967; Melia et 
at., 1981; Mostardi eta!.. 1981b: Toyama. 1964). 

Ferris (1978a). in a review article, criticized most children studies, especially 
because of insufficient control of possible confounding factors, and because ex¬ 
posures for children were only estimated. 

Lebowiu (1981) recommends spatiotempora) designs as useful strategies in 
surveillance of respiratory effects of point sources of pollution. In this study, we 
tried to estimate health effects in two communities with different pollution levels. 

We used a spatial approach in which multivariate statistical analyses were per¬ 
formed in order to control for possible confounding factors. As in other environ¬ 
mental studies, only estimates of exposure for children, based on community 
monitoring, were available. 

Monthly average concentrations of S0 2 in Ashdod are within the range of 10.6 , 

and 45.2 u.g/m\ with an annual average of about 30 jag/mV 

In their study. Love ei al. (1981) demonstrated health effects among school¬ 
children with air pollution levels similar to those measured in our study. Melia ei 
al. (1981) could not show any relation between prevalence of respiratory illness 
and SO- annual means ranging from 12 to 114 y.g/m J . Other studies (French et al.. 

1973: Groupe Cooperatif PAARC. 1982: Hammer el al.. 1976: Mostardi et al.. *> 

1981b) indicate higher S0 2 concentrations as threshold levels for aggravation of p 

respiratory conditions. i 

It is possible that other pollutants, either separately or in combination with S0 2 
and NO,, contribute to the observed health effects. Since no measurements of the 
concentrations of heavy metals and organics (herbicides, for example) are carried 
out in Ashdod. their contribution to the health status of the population is not 
known! 

In our survey, we could show that chronic respiratory symptoms, and most 
pulmonary diseases, were significantly more common among children from the 
polluted area. The higher prevalence of only the chronic (and not the transient) 
respiratory symptoms can not be attributed to genera) tendency of the population 
in Ashdod to overrepon respiratory conditions among their children. 

It is of interest that the logistic models fitted for the respiratory conditions 
belter demonstrate the interaction between the background variables and the re¬ 
spiratory diseases, rather than the interaction with respiratory symptoms. The 
relative risks calculated for respiratory symptoms in Ashdod children were found 
to be about 1.50. and those for pulmonary diseases within the range of 1.47 and 
2.66. as compared with 1.00 for Hadera children. 
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Nordvall, S.L., Eriksson, M. , Rylander, E., Schwartz, B. 
"Sensitization of Children in the Stockholm Area to House Dust 
Mites" Acta Paediater Scand 77:716-720, 1988. 

ABSTRACT: Atopic sensitization of children in the 
Stockholm area to house dust mites (HDM) was investigated in a 
case-control study. Sixty children with and 60 without positive 
skin prick tests for HDM were matched for age and sex. 
HDM-sensitized children had previously more often lived in other 
areas known to be mite infested than the control children. 
Sensitization to mites was related to dampness in the homes, but 
no significant relationship was found to the type of residence, 
frequent visits to a summer house in the archipelago or parental 
smoking. Dust samples from mattresses of the children with the 
strongest positive reactions to mites in skin prick tests and the 
respective controls were subjected to an enzyme immunoassay, to 
measure the content of the major allergens of the Dermatophagoids 
(D.) species D. pterinyssinus, D. farinae and D. microceras. 
Mattress dust samples from the beds of HDM-sensitized children 
contained significantly higher HDM antigen concentrations than those 
from the beds of controls. Private houses contained significantly 
more HDM antigens than flats and 10 of 11 homes in which a dampness 
problem was recognized contained mite antigens. It is postulated 
that mite infestation is increasing in the area, energy-saving 
measures created improved conditions for HDM survival. 
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Sensitization of Children in the Stockholm Area to House Dust Mites 

S. L. NORDVALL, M ERIKSSON. E. RYLANDER «nd B. SCHWARTZ 

From the Department of Paediatrics, St. Goran's Children's Hospital. Stockholm. 

Sweden and AUergoioguk Laboratorium, Copenhagen, Denmark 


ABSTRACT. Nartval, $. L, Erikuoa, M., Rytortar, E. tad Schwartz, B. (Department 
ai Paediatrics, S4. Gdraaa Children's Hospital, StKibota, Swtdei u4 ABergotogbk 
labonioriaa, Copenhagen, Denmark). Sensitization of children is the Stodkob mm tn 
bonae tel rtf as. Acu Partis* Scrt 77: 714, UBS. 

Atopic fT~T*intfrn of children is tbt Stockholm am to bout dut sitn (HDM) ta is. 
mriptid is a esa xo strol strty. Sixty children with art 60 witbosi positive tkto prick Ms 
for HDM wart matekrt for ag« art sox. HDM-teaaitizrt children had previously aura 
often bvrt hi other areas ksows to b* mite iafastrt thaa the control children. Seastdmtioa 
to siHas was rtbtrt to dampoees to the boms, hot so significant relationship was foort to 
tba type of reside act, freqaeat visits to a summer house to tba archipelago or pareatol sstofc* 
lag. Dast saaiples frost Buttresses of the ebitdrea with the strongest positive reactioas to 
allies to skto prick tests art the respective coatrob were subjected to aa eazyave towsaaoss 
say, to ateasore the coattat of the major a Bergen* of the Dermatophagoides (D.) spedcs D. 
pterinysslmts, D. farinae art D. microctrm. Mattress dast saaipies from the beds of HDM- 
sensitized childrea coatotort significantly higher HDM Badges concentrations thaa those 
from the beds of coatrob. Private booses coatotort significantly non HDM aa tigs as thaa 
flats art 10 of 11 homes to wkkb a dampness problem was recognized coatatoed adit am 
tigeas. It b postulated that aiite infestation b tocreastog to the area, energy-saving measures 
creating improved coadltSoaa for HDM snrvfval. Key words: house dust mites f Dtr* 
matophagoldes, allergen analysis, EUSA. 


House dust mites of the genus Dermatophagoides (HDM) are known to be important al¬ 
lergens in cases of dust allergy (1,2). The growth and survival of HDM are known to depend 
on climatic conditions, the most important being the humidity in the homes (2-8). For HDM 
survival a relative humidity (RH) of 55% is required and the optimal RH for HDM growth 
is known to be as high as 75-80%. Since climatic conditions thus greatly influence the quan¬ 
tities of HDM in house dust, considerable differences are found between different geo¬ 
graphic regions (9, 10), between seasons (11, 12) and also between different houses (7). 

The general climatic conditions in the Stockholm area are unfavourable foT growth of 
HDM, the winters being cold, with a prolonged indoor heating season and an indoor RH 
that is generally much below the critical 55% for HDM survival. In a previous study (13) 
mite concentrations in house dust from this area were found to be very low and Der¬ 
matophagoides were virtually absent. Yet in our daily practice we see children who are ob¬ 
viously sensitized to HDM. as shown by positive skin prick tests and radioallergosorbent 
tests for these allergens. This study was undertaken to find out the causes of sensitization to 
HDM in our area. 

MATERIAL AND METHODS 

The study comprised children who were attending the out-patient allergy dime of St. Gdran's Childrens 
Hospital in 1984-1986 for routine tests. Skin prick tests (SPT) were carried out in accordance with the 
Nordic guidelines (14); during the period January 1984 to November t985 Pharmalgen* 10000 BU 
(Pharmacia AB. Uppsala. Sweden) was used and from December 1985 onwards the tests were per¬ 
formed with allergen precoated lancets (Phazet*) from the same supplier. The wheal sizes were related 
to those of histamine hydrochloride 1 mg/ml. A panel of ten allergens was used: Dermatophagoides 
ptertnymnus (D pt ). Dermatophagoides farinae (D.f.). cat. dog. horse, timothy. Cladosponum her - 
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barum, Altmans alternate, birch and mugwort Sixty-six children with a positive SPT reaction (!♦ or 
more, minimal mean wheal size 2.5 mm with a flare) to either or both of the two Dermasophagoides 
species were included in the study Another 66 children who had been tested during the same time 
period for suspected allergies but had negative SPT to both Dtrmatophagoidet speoes in SPT served as 
controls A total of 80 boys and 52 girb aged 3-17 yean were included in the study. Matching was per- 
formed with respect to both age and sex. 

Questionnaire The parents were asked to complete a questionnaire concerning the childrens previous 
environment, i. e. whether they had lived in mite-infested regions in southern Sweden or abroad. Ques¬ 
tions were also asked about paternal and maternal smoking, type of residence—i t. whether they lived 
in a private house or a flat—and whether the family frequented a summer house tn the Stockholm ar¬ 
chipelago. There was also a question as to whether dampness was recognized as a problem in their per¬ 
manent home. Forms were completed for 60 matched pairs of children. 

Dust sampling A mattress dust sample was requested from the beds of those mite-sensitized children 
who had displayed at least one 3t SPT reaction to either of the two HDM species or 2* reactions to 
both, and also from the beds of the respective controls Dust from houses where a moisture problem 
had been acknowledged was also collected. Sampling was performed as described by Mosbech St Lind 
(15). by the parents, using their usual vacuum cleaner and a specially designed nozzle with a thick filter 
paper (13) This was done m 1986 from the last week of September to the end of October Out of 62 
requested samples. 54 were obtained and analysed. 

Dust analyses. Aqueous extracts were prepared as previously described by suspending each gram of 
the dust sample in 5 cc of 0 9% saline (16) The contents of HDM antigens were determined by an en¬ 
zyme-linked immunosorbent assay (ELISA), using affinity purified monospecific antisera against the 
major mite allergens of three Dermatophagotda species pteronysstnus (antigen Der pi. formerly Dp 42 
or PI), fannae (antigenDer fl) and mtcroceras (antigen Der ml) (17). Standard Quality HDM extracts 
from Allergoiogisk La bora ton uni A/S. Copenhagen. Denmark, were used as reference allergen solu¬ 
tions. Standard curves were run simultaneously on each of the plates. Less than 0.1% ooss-reactivny 
was observed between these species-specific antisera in the ELISA assay (17). 

Statistics Fisher's exact test was used for comparison of data for cases and controls obtained by the 
questionnaires Nontparametnc tern were used in the processing of data for dust antigen contents, 
paired tests for the matched case-control companions (Wilcoxon signed ranks test) and the Mann-Whit- 
ney test for other companions 


RESULTS 

Questionnaire . A significantly higher proportion of the children with positive SPT to HDM 
than of the controls, reported long stays in mite-infested areas abroad or in southern Swe¬ 
den (Table 1). More mite-sensitized children than control children lived in private houses 
but this difference was not significant. The parents of mite-sensitized children acknowledged 
a problem of dampness in their home more frequently than those of the controls (p<0.006). 
The frequency of visits to a summer house in the archipelago was similar in the two groups. 
A higher proportion of the mothers of mite-sensitized children than of control children were 
smokers, but this difference was not significant (p<0.16). 


Table 1. Data on environmental factors obtained from questionnaire 



Travel 

Private 

house 

Dampness 
m home 

Summer¬ 

house 

Mother 

smoker 

Father 

smoker 

Case 

Control 

Yes No 
32 21 

17 39 

Yes No 
28 29 

22 38 

Yes No 

11 46 

2 58 

Yes No 

12 45 

17 43 

Yes No 
22 35 

17 43 

Yes No 

12 44 

18 41 

p values 

<0.003 

<0.12 

<0006 

<0.24 

<0.16 

<0 IS 


Cites (mite-tensmzed children) compared with controls (children without sensitization to mites) Statis¬ 
tics Fisher s exact test. Travel ^children with and without frequent stays in southern Sweden or other 
mite infested areas. 
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Fig. /. House dust mite antigen 
contents from beds of mite-sensitized 
children (-) end controls (• ) Dpt. 
Df and Dm - contents of antigens 
Derpl. Derfl and Dcrml. respec¬ 
tively. tot » total amount of the 
three Dtrmatophagoidts antigens. 


Dust analyses. HDM antigens Der pi and Der fl were found in a considerable proportion 
of the dust samples, whereas antigen Der ml was found only sparsely. Dust from the homes 
of mite-sensitized children contained larger total amounts of mite antigens than dust from 
the homes of controls (Fig. 1) (p<0.001). This difference was significant both for Der pi 
0?<0.02) and for Der fl (p<0.03). The difference in mite antigen contents between private 
houses and flats (Fig. 2) was striking and was significant both for the totalmite antigen con¬ 
tents (pcO.OOl) and for Der pi (p<0.005) and Der fl (p< 0.02). A high proportion (10 of 11) 
of the dust samples obtained from houses where a dampness problem was recognized con¬ 
tained HDM antigens (Fig. 3). 


DISCUSSION 

From the results of this study two explanations emerge for the mitc-scnsitization observed 
among children in a Stockholm allergy clinic. One of them is obvious. i*c. previous resi¬ 
dence in or frequent visits to other more heavily mite infested areas. The most important 
cause of the sensitization of the children, however, was the occurrence of HDM antigens in 



Ftg. 2. House dust mite antigen 
contents from private houses (- ) 
and flats (• ). For further explana¬ 
tions, see legend to Fig. 1. 
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Fig i House dust mite anugen 
comenu in homes with acknowl- 
edged dampness problems. For 
further explanations, see legend to 
Fig. 1. 
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the dust of their homes. It is apparent from our data that the concentrations of HDM anti¬ 
gens may reach extreme peak levels in our homes. 

In a previous study (13) Dermatophogoidts were found to be very rare in the homes of the 
area. There may be several explanations for the divergent results of these two studies. In the 
previous study dust was collected from the homes of adults. A correlation between mite-sen¬ 
sitization in adults and the presence of HDM in their current homes is not expected to the 
same degree as in children, since adults are more likely to have been sensitized elsewhere 
and at a younger age. Further, in Turos' study (13) dust was collected alt through the year, 
whereas our samples were collected in the autumn, when peak levels could be anticipated. 
Microscopy was used in Turos' study for the detection and quantification of mites, whereas 
we used a modern ELISA technique. These two techniques are not known to differ, how¬ 
ever. when properly performed (17). Even though some differences in the design of the two 
studies may thus partly explain the discrepant results, it appears probable, that the differ¬ 
ence reflects a true increase in HDM infestation in the area. 

Increased mite infestation is a possible consequence of the changes in the construction of 
buildings that resulted from the energy crisis in the early seventies. Improved insulation and 
decreased ventilation of homes may have created a more favourable indoor climate for mite 
survival. Many homes in Sweden that were constructed in the late seventies smell of mould, 
but this problem occurs only rarely in older buildings and then often in conjunction with re¬ 
novations (18). These findings are in accordance with the hypothesis that mite infestation of 
homes has increased and that the consequent sensitization to mites and dinicml mite allergy 
may be of increasing importance in our area. Our findings, that private houses art more 
prone to mite infestation than flats, and the observed and very likely relation to problems 
of dampness, add further support to this notion. 

In a majority of the dust samples HDM antigens were not detectable by the ELISA 
technique. This contrasts with findings from Copenhagen, where only a minority of the 
houses were found to be free of HDM antigens, when the same ELISA technique was used 
to examine dust from unselected houses (17). The general climatic conditions are probably 
more favourable for mite growth in Denmark than in our area, where the indoor climate 
possibly has a greater impact. In Denmark too. however, there are considerable discrepan¬ 
cies in the concentrations of HDM in house dust between different houses (7.17). which has 
been attributed in part to differences in housing conditions (7). 

The spread of HDM to houses of our temperate regions, where the general climatic con- 
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ditions are unfavourable for mite growth, deserves further attention. Technical investiga¬ 
tions of the types of houses that are associated with these problems seem important from a 
preventive aspect. Those who have already encountered this problem in their homes need 
technical advice to help them to eliminate mites. Studies performed in other regions of the 
world do not necessarily apply to our local conditions, and effects of improved ventilation 
and other measures for HDM sanitation should also be evaluated here. 
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SUMMARY: This study examines the relationship between socioeconomic 
status (SES) and asthma prevalence and the use of asthma medication. 
One thousand and fifty European children aged eight and nine years 
were studied by parent completed questionnaire and histamine 
inhalation challenge. After controlling for sex of the child and 
for smokers in the house there were significantly higher lifetime 
(P = 0.029) and current (P = 0.046) prevalence rates of wheeze in 
children in low SES groups. There was no relationship between SES 
and asthma diagnosis, bronchial hyperresponsiveness (BHR: 
PD20 < 7.8 /xmol) , or any combination of BHR with symptoms or 
diagnosis. 

The use of bronchodilators and asthma prophylactic drugs 
was less frequent in the low SES groups of children with wheeze in 
the last 12 months both with concurrent BHR or irrespective of BHR 
than in those in high SES groups. 
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Mitchell E A (Department of Pediatrics, School of Medicine, University of Auckland. Private Bag, Auckland, New 
Zealand). Stewart AW. Pattemore P K. Innes Asher M, Harrison A C and Raa H H. Socioeconomic status in childhood 
asthma. International Journal of Epidemiology 1989, 18: 888-890. 

This study examines the relationship between socioeconomic status (SES) and asthma prevalence and the use of 
asthma medication. One thousand and fifty European children aged eight and nine years ware studied by parent com¬ 
pleted questionnaire and histamine inhalation challenge. After controlling for sex of the child and for smokers in the 
house there were significantly higher lifetime \P - 0.029) and current (P- 0.046) prevalence rates of wheeze in chil¬ 
dren in low SES groups. There was no relationship between SES and asthma diagnosis, bronchial hyperrespon¬ 
siveness (BHR: PD20 <7.8 umotl, or any combination of BHR with symptoms or diagnosis. 

The use of bronchodilators and asthma prophylactic drugs was less frequent in the low SES groups of children with 
wheeze in the last 12 months both with concurrent BHR or irrespective of BHR than in those in high SES groups. 


For many diseases poor health is both more prevalent 
and more severe in children in families with low socio¬ 
economic status (SES) than in children from better cir¬ 
cumstances.' While some studies suggest that there is 
an excess of severe asthma in children with low SES, 2 v 
several studies have suggested that there is a higher 
prevalence of asthma in children in high SES families 
compared'with those in low SES, 2 * and other studies 
have not lound any relationship between asthma 
prevalence and SES.^ 

During a study comparing asthma prevalence 
between:Australian and New Zealand schoolchildren ,u 
we have had the opportunity to examine the relation¬ 
ship between SES and the prevalence of childhood 
asthma using a number of different criteria for asthma 
(including bronchial hyperresponsiveness (BHR)) and 
the use of asthma medications. This study is reported 
here 

METHODS 

The methodology has been described in detail else¬ 
where.'" Briefly a random sample of approximately 
1300 European children was selected from the Auck- 


Dcpjrtmeim o! Paediatrics and Communm Health. School; of 
Medicine. I'niveratv ol Auckland and the Department of Respiratory 
Medicine Greenlane Hospital. Auckland 

Repnm requests Dr E A Mitchell. Department ol Paediatrics. School 
of Medicine. L’mvemiy of Auckland. Pnvate Bap. Auckland I. New 
Zealand 


land region. A questionnaire was completed by the 
parents, which included questions about demographic 
details of the child and parents, a history of asthma 
symptoms, diagnosis, current medications for asthma, 
and parental or other household members* smoking 
habits. The children underwent a histamine inhalation 
challenge using the method of Yan et oI. u Children 
whose forced expiratory volume in one second (FEV,) 
fell by more than 20% of baseline after receiving a 
cumulative dose of 7.8 nmols histamine or less were 
considered to have bronchial hyperresponsiveness 
(BHR). Socioeconomic status was defined from a revi¬ 
sion of the Elley Irving socioeconomic six-point index 
for New Zealand occupations using the father’s pres¬ 
ent or most recent occupation if he lived at home, 
otherwise the mother s occupation. 12 Five groupings 
were used (1—5) with group one representing the high¬ 
est level and group five representing indices 5 and 6 
combined. 

Seven criteria for asthma prevalence were used for 
comparison with SES: any wheeze (including exercise 
wheeze) ever, any wheeze in the last 12 months and 
asthma diagnosed ever. The number of children with 
concomitant BHR in each category was also assessed. 
The seventh criteria was the presence or absence of 
BHR overall. 

The current use of bronchodilators and asthma pro¬ 
phylactic drugs (inhaled steroids, cromoglycate) were 
examined bv SES group in children with wheeze in the 
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last 12 months, both with concurrent BHR or irrespec¬ 
tive of BHR. Because of small numbers SES groups 
1-2 and 4^-6 were combined for this analysis. 

The effect of the socioeconomic status of the chil¬ 
dren on the various measures of asthma was assessed 
by use of a logistic regression model. As it was thought 
that the smoking status of members of the household 
and the child's sex may have some confounding influ¬ 
ence, these variables were also included in the model. 
Each of the asthma measures used were in the two 
category form, present or absent. Smoking was also 
classified as presence or absence of maternal smoker, 
paternal smoker or any smoker living in the household. 
The hypothesis considered was that there was a linear 
trend in the proportion of children with a positive out¬ 
come over the socioeconomic categories. With the size 
of sample available the power to detect an increase of 
3.5% in outcome for each step from the highest socio¬ 
economic category to the lowest was approximately 65 
to 75%. 

RESULTS 

Of those sampled (84%) 1084 children were tested. 
SES could not be ascertained from the questionnaires 
in 34 children, leaving a final sample size of 1050. 

Table 1 gives the crude prevalence rates for the five 
SES groups for the seven chosen asthma criteria and 
the probability (p) for a linear trend in SES after 
controlling for any smokers in the house and for sex of 
the child. A similar paifern of results is obtained 
regardless of whether the smoking variable being con¬ 
trolled for is mother’s smoking, father’s smoking or 
any smoker in the house. The lifetime or current preva¬ 
lence rates for any wheeze (including exercise wheeze) 
are significantly higher in lower SES groups (p * 0.029 
and p = 0.046 respectively), whereas there is no 
relationship between SES and the diagnosis of asthma. 
BHR or any combination of BHR with symptoms and 
previous asthma diagnosis. 


Table 2 shows the prevalence of asthma medication . 
use by SES group in asthmatic children using the twp ; 
criteria for asthma which include wheeze in the last it 
months. There is a clear trend for greater use of asthma 
medications in higher SES groups and this is particu¬ 
larly notable for prophylactic drugs. 

DISCUSSION 

SES can be measured in a number of ways, the com¬ 
monest being occupation, education or income. In 
other studies examining the relationship between SES 
and asthma prevalence the results have tended to be 
consistent irrespective of the measure of SES used. 
This study used occupation as the measure of SES. 

The definition of asthma in previous studies has 
depended upon questionnaires and frequently upon 
parental reporting of asthma. In this study the parental 
questionnaire also sought information about wheez¬ 
ing. and the children were tested for BHR. The 
relationship between these factors and the diagnostic 
label ‘asthma’ is not straightforward. Furthermore, it is 
well established that asthma may be underdiagnosed. u 
Thus studies which have related asthma diagnosis to 
SES may yield different results from comparisons of 
symptoms and/or BHR to SES. 

The higher prevalence of asthma diagnosis in high 
SES groups seen in earlier studies may reflect a SES 
effect on the disease label rather than the disease itself. 
This and other recent studies* * have found no relation¬ 
ship between SES and asthma diagnosis, suggesting 
there may have been a change in the use of the label 
with time. 

Studies defining asthma by wheezy symptoms have 
tended to find no relationship with SES A* In contrast 
this study found significantly higher rates of wheezy 
symptoms in children from lower SES groups. This is 
not explained by increased parental smoking in lower 
SES groups as the results were controlled for smokers 
in the household. 


T*iLf 1 Obserxed duhma prevalence 1%) by socioeconomic group 


Socioeconomic group 



l 

(n - 124) 

2 ■ 

(n-299) 

3 

<n-VU) 

4 

(n - 205) 

5 and 6 
(n*>78) 

Total 

(n-1050) 

p value 

Any »hccze/e*crci*c wheeze ever 

Any wheeie/Cxemse wheeze in the Iasi 

21.8 

24.7 

:s.g 

29 3 

33 3 

27.2 

0.029 

12 months 

11.3 

147 

19 3 

U.I 

205 

162 

0CU6 

Asthma diagnosed ever 

12.9 

14.7 

14.0 

14.1 

167 

14.3 

■S3 

BHR on testing 


20.4 

21.8 


19 2 


■221 

BHR ♦any wheeze /exercise wheeze ever 
BHR ♦any * htc/c/c«ercisc wheeze m last 

105 

11.4 

13.7 

10.7 

12 8 

12.0 

0.379 

12 months 

8 1 

80 

11.9 

7:3 

10 3 

9.3 

■nrni 

BHR♦ asthma diagnosed ever 

8 1 

8 4 

9.9 

73 

103 

88 

0 387 
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3 

4-A 

Any wheeze exercise in last 12 months 
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HfunihiHliUuir* 

65 5 

49 \ 

5M 

Prophylactic drugs 

36 2 

20 9 

178 

BHR and anv wheeze/cxercise wheeze in last 12 months 

(n*34) 

(n»4!) 

in-23) 

Ht one hod ib lots 

76 5 

70 7 

65.2 

Prophvbctic drugs 

41.2 

29 3 

2M 


Some workers consider that BHR is useful for the 
diagnosis of asthma in epidemiological surveys as it is 
an objective test, most current asthmatics exhibit BHR 
and BHR correlates with the severity of asthma. u This 
study lound no relationship between SES and BHR or 
any combination of BHR with symptoms and asthma 
diagnosis. 

This study suggests there is no relationship between 
SES and asthma prevalence in children! The finding of 
an increased prevalence of wheeze in low SES groups 
might be caused by an increase in the prevalence of fac¬ 
tors which trigger or manifest wheezy episodes in the 
predisposed child. Such factors include respiratory 
tract infections, 15 which have been found to be more 
common in low SES groups, and house dust mites, 
which arc found in higher concentrations in damp 
environments which probably occur more frequently 
in houses of poor families. 

The finding of less frequent use of asthma medi¬ 
cations in lower SES groups with current symptoms has 
been described 1 * and is consistent with described social 
inequities in health. 1,7 There are a number of possible 
explanations for this finding. One possibility is that 
prescribing by the medical practitioner may vary 
according to the SES group of the child and their 
family. Alternatively there may be no difference in 
prescribing patterns, but rather a difference in uptake. 
Finally it may be that children with lower SES families 
have poorer, less regular and less frequent contact with 
medical practitioners and thus miss the opportunity for 
prescription of as*hma drugs. 
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Pope, c.A. "Respiratory Disease Associated with Community Air 
Pollution and a Steel Mill, Utah Valley" AJPH 79(5): 623-628, 1989. 


ABSTRACT: This study assessed the association between hospital 
admissions and fine particulate pollution (PM^q) in Utah Valley 
during the period April 1985-February 1988. This time period 
included the closure and reopening of local steel mill, the primary 
source of PM]^. An association between elevated PM^ 0 levels and 
hospital admissions for pneumonia, pleurisy, bronchitis, and asthma 
was observed. During months when 24-hour PM^q levels exceeded 
150 MU/m 3 , average admissions for children nearly tripled; in 
adults, the increase in admissions was 44 per cent. During months 
with mean PM 10 le vels greater than or equal to 50 jug/m 3 average 
admissions for children and adults increased by 89 and 47 per cent, 
respectively. During the winter months when the steel mill was 
open, PM 10 levels were nearly double the levels experienced during 
the winter months when the mill was closed. This occurred even 
though relatively stagnant air was experienced during the winter 
the mill was closed. Children's admissions were two to three times 
higher during the winters when the mill was open compared to when 
it was closed. Regression analysis also revealed that PM^q levels 
were strongly correlated with hospital admissions. They were more 
strongly correlated with children's admissions than with adult 
admissions and were more strongly correlated with admissions for 
bronchitis and asthma than with admissions for pneumonia and 
pleurisy. 
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Respiratory Disease Associated with Community Air Pollution 
and a Steel Mill, Utah Valley 
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Abstract: This study assessed the association between hospital 
admissions and fine particulate pollution (PM^ in Utah Valley 
during the period April 1985-Febroary 1988. This time period 
included the closure and reopening of the local steel mill, the primary 
source of PM| 0 . An association between elevated PM, 0 levels and 
hospital admissions for pneumonia, pleurisy, bronchitis, and asthma 
was observed. During months when 24-hour PM, e levels exceeded 
150 pg/m 3 , average admissions for children nearly tripled; in adults, 
the increase in admissions was 44 per cent. During months with mean 
PM jo levels greater than or equal to 50 average admissions for 
children and adults increased by 89 and 47 per cent, respectively. 
During the winter months when the steel mill was open, PM,© levels 


were nearly double the levels experienced during the winter months 
when the mil) was closed. This occurred even though relatively 
stagnant air was experienced during the winter the mill was closed. 
Children's admissions were two to three times higher during the 
winters when the mill was open compared to when it was dosed. 
Regression analysis also revealed that PM l0 levels were strongly 
correlated with hospital admissions. They were marc strongly 
correlated with children's admissions than with adult admissions and 
were more strongly correlated with admissions for bronchitis and 
asthma than with admissions for pneumonia and pleurisy. (Am J 
Public Health 1989; 79:623-628.) 


Introduction 

On March 20, 1984, the US Environmental Protection 
Agency (EPA) proposed changes in the national ambient air 
quality standards for particulate pollution. Total suspended 
particulates (TSP) was to be replaced with a new indicator of 
particulate pollution that includes only those particulates 
with an aerodynamic diameter equal to or less than a nominal 
10 micrometers (PM,o). On July 1, 1987, the EPA announced 
its final decision; The previous primary TSP standards were 
to be replaced, effective July 31, 1987, with a 24-hour PM, 0 
standard of 150 micrograms per cubic meter (p.g/m 3 ) with no 
more than one expected exceedance per year and an annual 
PM 10 standard of an expected arithmetic mean of 50 pg/mV 

Earlier studies of the health effects of particulate 
pollution 3 " 4 revealed a possible connection between air pollu¬ 
tion and human health, and launched a wave of research 
exploring this connection. 9-19 Recent research has observed 
that even moderately elevated concentrations of particulate 
pollution may result in reductions in children's pulmonary 
function 20 * 31 and increased risk for bronchitis and other respi¬ 
ratory Alnesses. 23 Other recent research questions the existence 
of a threshold level. 1 * 23 

Previous studies have not used PM, 0 as an indicator of 
particulate pollution. Recent experiences in Utah County have 
provided a unique opportunity to investigate a possible asso¬ 
ciation between respiratory health and different levels of 
PM I0 . Utah Valley has had daily monitoring of PM, 0 since 
April 1985; it has an extremely low percentage of smokers; it 
has experienced a prolonged shut-down and then reopening of 
the steel mill, its largest source of particulate pollution; over 
time, since monitoring of PM, 0 began* the valley has experi¬ 
enced considerable variability in levels of fine particulate 
pollution; and hospital inpatient admissions data for respira¬ 
tory illnesses can be obtained. The objective of this paper is to 
report what has been observed in Utah Valley with respect to 
hospital admissions for respiratory illnesses and PM I0 levels. 


Address reprint requests to C. Arden Pope Dl, PhD. Asso c i ate Professor 
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sity. Provo, UT 84602. This paper, submined to the Journal June 6,1988, was 
revised aad accepted for publication November 7,1988 
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Methods 
Study Area 

Utah Valley, located in Utah County of Central Utah, is the 
third largest county in the state with a population of 258,000 in 
1987. 24 Approximately two-thirds of the population resides in 
five nearly contiguous cities situated on a valley floor with an 
elevation of approximately 1,402 meters above sea level bor¬ 
dered east and west by mountains (Figure l). 

Based on an unpublished 1986 Utah State Department of 
Health survey, only S3 per cent of Utah County's adults (18 
years of age or older) smoke; approximately 90 per cent of its 
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residents are members of the Church of Jesus Christ of 
Latter-Day Saints (Mormon) 25 ' 26 which has strong church 
teachings against smoking. 

Monitoring of paniculate pollution began in 1964 and for 
carbon monoxide in 1971. On March 3, 1978, the EPA 
designated the county as a non-attainment area in accordance 
with provisions of Section 107 of the Clean Air Act. EPA 
ambient air quality standards for TSP and carbon monoxide 
were often exceeded at monitoring sites at Provo, Lindon, and 
Pleasant Grove during winter months when temperature in¬ 
versions trapped emissions in stagnant air near the valley floor. 

Generally, the county experienced improvements with 
respect to carbon monoxide pollution in the 1980s. At one 
monitoring site, the number of exceedances of the maximum 
eight-hour primary health standard for carbon monoxide fell 
horn a high of 52 exceedances in 1982 to 10 exceedances in 
1985. In order to continue to reduce levels of carbon monoxide 
pollution in the county, an automobile inspection/maintenance 
and anti-tampering program was implemented in 1986. 

Particulate pollution levels in the county remained about 
the same from 1979-85. The 24-hour TSP standard of260 Mg/m 3 
was exceeded as many as 10-18 times per year. The average 
annual geometric mean from 1979-85 for TSP at the Lindon 
monitor equalled 65 |ig/m 3 . This mean level of TSP exceeded 
EPA's annual secondary standard of 60 ►ig'm 3 but not the 
annual primary health standard of 75 M-g/m. Monitoring of 
sulfur dioxides (SOJ was conducted in the county in the 1970s 
but was discontinued because S0 3 levels were substantially 
below the annual primary health standard of .03 ppm, the 
24-hour primary health standard of. 14 ppm and the secondary 
3-hour standard of .5 ppm. 

The primary industrial source of fine particulate pollution 
as measured by PM, 0 in Utah County is the Geneva steel mill, 
commonly referred to as Geneva, located near Orem (Figure 
1). When in operation, the mill emits approximately 82 per cent 
of all industrial sources of PM, 0 including power generation. 27 
When all sources are accounted for, Geneva's contribution to 
PM I0 equals 47 to 80 per cent of total emissions. 27 Other 
sources of PM, 0 include wood burning (approximately 16 per 
cent), road dust (approximately 11 per cent), diesel fuel and oil 
combustion (approximately 7 per cent). Also, Geneva's con¬ 
tribution to the county's industrial emissions of sulfur oxides, 
nitrogen oxides, hydrocarbons, and carbon monoxides are 
approximately 95,98, 86, and 82 per cent, respectively. 27 

Geneva was built for the US Government in the early 1940s 
as part of the World War II effort. It was sold to US Steel Corp 
in 1946. On August 1,1986, the Geneva steel mill shut down as 
a result of a labor dispute with USX Corporation (previously US 
Steel Corp.) The plant reopened on September 1, 1987 under a 
new owner, Basic Manufacturing and Technologies of Utah, 
Inc. In April 1985* the Bureau of Air Quality began to daily 
monitor PM I0 at a site in Lindon (Figure 1) using a Sierra 
Anderson high volume sampler. During the winter season of 
1985/86, Geneva was still open and 24-hour PM I0 levels ex¬ 
ceeded 150 fig/m 3 on 13 occasions. The highest single day 
concentration was 365 »ig/m 3 . During the winter of 1986'87 
while Geneva was shut down, 24-hour PM, 0 levels never 
exceeded 150 *ig/m 3 . During the winter of 1987/88, following the 
reopening of Geneva, 24-hour PM , 0 levels exceeded 150 jig/m 3 
on 10 occasions with a single day high at 223 (Figure 2). 

During the winter of 1985/86, a random sample of county 
residents indicated that most residents thought that air quality 
was a serious problem and 29 per cent indicated that they had 
one or more members of their family who had health problems 
that were aggravated by air pollution. 24 During the winter of 


624 



Apr. July Ocl Jan Apr. JiAy Oct. Jan. Ac* Mf Oct. Jan 


1965 1966 1967 1966 

FIGURE 2—Monthly Mean and 24-Hour High FM lt (ft m partfcutalc poBatioo) 
Levcfc, Utah Valley, April IttS-Jaaaary 198S 

1987/88, following the closure and subsequent reopening of the 
steel mill, there was much local discussion about the contrast in 
air quality. The frequency and severity of respiratory illnesses 
were commonly perceived to have dropped when the mill was 
shut down, and then dramatically increased when it reopened. 
Newspaper articles, letters to the editor, and testimonials in 
public meetings often reflected this perception by many in the 
community. 

Health Data 

Hospital admissions data for respiratory-related ill¬ 
nesses were collected from April 1985 through February 
1988. There were only four hospitals in the county . Data were 
collected from three of them that together had 579 beds. The 
other hospital in the County had only 20 beds, no pediatrics 
unit, no pulmonologist on its staff, and rarely provided 
inpatient care for respiratory illnesses. 

A preliminary study of diagnosis-related groups (DRGs) 29 
at Utah Valley Regional Medical Center indicated that DRGs 
79, 80, and 81 (Respiratory Infections and Inflammations), 
DRGs 85 and 86 (Pleural Effusion), DRG 87 (Pulmonary 
Edema and Respiratory Failure), DRG 88 (Chronic Obstruc¬ 
tive Pulmonary Disease), DRGs 92 and 93 (Interstitial Lung 
Disease), and DRGs 99 and 100 (Respiratory Signs and 
Symptoms) accounted for only 4.9,0.6,1.6,3.3,0.8, and 5.8 
per cent of the collected cases, respectively. Initial compar¬ 
ative statistical analysis and regression analysis did not reveal 
any association between the closing and subsequent reopening 
of Geneva or PM I0 levels and hospital admissions far any of 
these DRGs individually or collectively. 

The bulk of the respiratory illness (83 per cent) were for the 
six DRGs that included 89, 90, and 91 (Simple Pneumonia and 
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Pleurisy) and 96,97, and 98 (Bronchitis and Asthma) with 42 and 
41 per cent of the cases, respectively. Asa result, this analysis 
focuses on hospital admissions where the principal diagnosis 
was classified within one of these six DRGs. 

Monthly admissions data for these six DRGs were com¬ 
piled for each of the three hospitals. Records for outpatient and 
emergency admissions were not complete or consistent for the 
full time period. Therefore, only inpatient data were used in this 
analysis. Accurate records for Mountain View Hospital were 
available for the time periods April 1985 through September 
1986 and January 1987 through February 1988. Accurate inpa¬ 
tient records for the other two hospitals were available from 
April 1985-February 1988. 

Analysis Conducted 

Utah Valley Regional Medical Center’s admissions were 
sorted into in-county and out-of-county admissions. Both Utah 
Valley Regional Medical Center and American Fork Hospital 
are located within the central urban area of the county, near the 
major sources of pollution. The primary analysis used the 
combined Utah Valley Community Hospital in-county admis¬ 
sions and American Fork Hospital admissions as an indicator of 
the level of relatively severe respiratory illness in the urban area 
of the county. 

Three other sets of hospital admissions data were used as 
control variables: “all-other” admissions from Utah Valley 
Regional Medical Center and American Fork Hospital, exclud¬ 
ing in-county admissions for pneumonia, pleurisy, bronchitis 
and asthma; out-of-county admissions to Utah Valley Regional 
Medical Center for pneumonia, pleurisy, bronchitis, and 
asthma; and admissions to Mountain View Hospital in Pay son 
for the same illnesses. 

Hospital admission levels were compared across months 
with different levels of particulate pollution as measured by 
PM 10 . Admission levels were also compared across comparable 
periods of time when the steel mill was open, closed, and then 
reopened. Finally ^ monthly hospital emissions were regressed 
on PM 10 levels and weather variables obtained at Brigham 
Young University. 30 

Results 

Comparative Analysis 

As can be seen in Figure 2, there was considerable 
variability in PM l0 levels in the county over the study period. 


During those months when exceedances of the 24-hour PM 10 
standard of 150 pg/m 3 occurred, the number of admissions for 
children, 0-17 years of age, was nearly triple the number of 
admissions for months with no exceedances (Table 1). In 
adults, admissions were approximately 44 per cent higher 
during the months when exceedances occurred. 

During months when the arithmetic mean PM k0 levels 
were equal to or greater than 50 p.g/m 3 , children admissions 
were nearly double than when the average PM 10 levels were 
less than 50 p.g/m\ Adult admissions were increased by 
approximately 47 per cent. 

The above comparisons were complicated by the fact that 
the months with especially high levels of particulate pollution 
were during the winter, and the reason for the high incidence 
of respiratory illness may be at least partly attributed to winter 
weather. The intermittent operation of the steel mBl provided 
the opportunity to compare different winter seasons with 
marked differences in PM J0 levels. Figure 2 demonstrates that 
when the steel mill was closed, PM, 0 levels were relatively 
low. One concern about making observations pertaining to 
these time periods is that the winter when the Geneva steel mill 
was closed may have had relatively good weather conditions 
and limited conditions of stagnant air. Weather data indicated 
that temperatures fell below zero on only two occasions 
throughout the study period, both in January of 1988 when 
they fell as low as -T and -7*. Snowfall during this time 
period for 1985/86,1986/87, and l987/88 totaled only 45.5,33.5 
and 27.5 inches, respectively. 30 

The National Weather Service computes an air stagna¬ 
tion or clearing index for valleys in Western Utah, including 
Utah Valley. 3 * The index ranges from 0-1000 with lower 
values indicating more stagnant air. When the index is less 
than 200 pollution dispersal is “very poor” and weather 
conditions are such that air pollution potential is high. The 
month with the lowest average clearing index occurred during 
the winter the mill was closed. The average clearing index for 
the winter period of December-February for 1985/86, 1986/ 
87, and 1987/88 was 388, 345, and 367, respectively, and the 
number of days when the index was below 200 for the same 
time periods equalled 47,54, and 47, respectively. 32 Based on 
this index the air was relatively more stagnant and bad higher 
air pollution potential during the winter when the mill was 
shut down than the previous or following winters. 

Table 2 presents comparisons of hospital admissions be- 




TABLE 1 — Comparison* of Monthly Average Humber of Hospital Inpatient Admissions for Utah Vallay Regional Madleal Cantor and American Forte Hospital 
acroM Months with Dtffsrant Levels of PM t0 * 


Month* included 

Numbar 

Of Month* 

Included 

Mean 

PM, 0 
Laval for 
Month* 
Included 

Mean High 
PM 10 Level 
for Month* 
Included 

Bronchitis 
and Asthma 
Agas 0-17 

Bronchitis 
and Asthma 
Aga 16+ 

Simple 
Pneumonia 
and Pleurisy 
Age 0-17 

Simple 
Pneumonia 
and Pleurisy 
Age 18+ 

fcAwij 

Ages 0-17* 

Subtotal 
Age 18+ 6 

TOTAL 6 

AM month* 

35 

45.8 

94.7 

12.5 

17.5 

12.0 

22.7 

24.5 

40.2 

64.7 



(4.3) 

(119) 

(16) 

0 0) 

(1-5) 

(16) 

(2.8) 

(2 3) 

(4.5) 

Month* whan 24-hour 

31 

37.5 

72 3 , 

10.5 

169 

19 

21.4 

20.4 

383 

58.6 

PM 10 < 150 pg/rrf 


(16) 

(4.4) 

(1.2) 

0-0) 

(11) 

(1.3) 

(1.9) 

(2.0) 

(3-5) 

Months whan 24-hour 

4 

110.3 

268 5 

27.5 

223 

28.3 

33.0 

56.0 

55.3 

111.3 

PM, 0 > 150 pflftn* 


(55) 

(35.0) 

(67) 

(2») 

(4.6) 

(6.1) 

Oil) 

(10.0) 

(14-0) 

Months whan mean 

27 

351 

68.7 

10.1 

16.5 

102 

19.6 

20.3 

36.3 

56.7 

PM t0 < 50 pg/m s 


(1.3) 

(4.6) 

(1.3) 

(ID 

02) 

0 2) 

(21) 

(20) 

(39) 

Month* whan maan *■ 

e 

82.0 

182.5 

204 

20.6 

18.0 

325 

384 

533 

91-6 

PM I0 1 50 ng/m a 


(110) 

(36.4) 

(4 4) 

(1-8) 

(4.5) 

(3.9) 

(85) 

(51) 

(10.0) 


•Standard wror» at m# mains ara pratamsd In paranthaiaa. 
*Tc*a) may not aum up auedy Out to founding *mof. 
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tween fall and winter periods when the steel mill was open, 
dosed, and reopened. During the winter months from Decem¬ 
ber to February, hospital admissions for children were approx¬ 
imately three times as high when the steel milJ was open than 
when it wa* closed. Even during the Fall months (September- 
November) when no exceedances for the 24-hour primary 
health standard occurred, children admissions for bronchitis 
and asthma were approximately twice as high when the steel 
mill was openi Adult hospital admissions were not as obviously 
associated with the reductions of PM I0 that accompanied the 
closure of the steel mill. There was, however, a notable increase 
in adult admissions following the reopening of the mill. 

Regression Analysis 

The results of some of the regression models are pre¬ 
sented in Table 3* Model 1 regresses total monthly hospital 
admissions for pneumonia, pleurisy, bronchitis, and asthma 
on current and lagged PM J0 levels. All lagged variables 
simply refer to the previous month’s value. The results 
demonstrate a strong correlation between admissions and 
PM 10 . In fact, 59 per cent of the variance in monthly 
admissions for these respiratory illnesses is explained by 
current and lagged monthly mean PM, 0 levels alone. 

In Model 2, current and lagged mean low temperature 
variables were also included. This relatively simple linear model 
with only PM^ 0 and temperature variables explains 83 per cent 
of the variance in total hospital admissions for these respiratory 
illnesses. The correlation between mean PM J0 levels, mean low 
temperatures and hospital admissions is particularly striking 
when actual admissions and estimated admissions based on 
Model 2 are plotted together over time (Figure 3). Models 3-14 
repeat the analysis done in Models 1 and 2 for total adult 
admissions, total children admissions, adult admissions for 
pneumonia and pleurisy, children admissions for pneumonia 
and pleurisy, adult admissions for bronchitis and asthma, and 
children admissions for bronchitis and asthma. 

Autocorrelated errors exist with some of the models, 
particularly those with only PM, 0 levels as independent 
variables. This autocorrelation, however, is largely elimi¬ 
nated whenweather variables are included. For example, the 
Durbin-Watson D statistic is 1.0 for Model 1 and 1.6 for 
Model 2. It is 1.3 for Model 3 and 2.0 for Model 4. There is 
also collinearity between PM, 0 levels and temperature. The 
correlation coefficient between the mean low temperature 
and monthly mean PM 10 levels equals -0.32. This collinear- 


ity complicates the analysis and makes specific best point 
estimators of the correlation coefficients difficult to estimate. 
However, Model 2 was reestimated using a nonlinear quasi- 
Newton iterative procedure which gave identical regression 
coefficients with somewhat smaller standard-errors. 

Numerous other regression models were estimated that 
included snowfall, rainfall, evaporation, monthly mean tem¬ 
peratures, and mean high temperatures. The weather variable 
that was consistently most highly correlated with admissions 
was the mean low temperature. Regressions that used PM 10 
levels lagged for two months, and dummy variables that 
indicated the opening and closing of the steel mill and 
inversion seasons were also tried. Even with the inclusion of 
these other variables, strong, positive, correlations between 
hospital admissions and PM,p levels remained. Regression 
models were also estimated with monthly 24-hour high PM, 0 
levels used as independent variables. The results were similar 
to those in Models 1-14 as presented in Table 3, but 24-hour 
high PM )0 levels were generally not as strongly correlated 
with admissions as were the mean PM I0 values/ 

Analysis with Control Variables 

Neither comparative analysis nor regression analysis 
revealed any associations between the control variables and 
PM l0 levels or the closing and reopening of the steel mill. 
‘'All-other” admissions that excluded in-county admissions 
for pneumonia, pleurisy, bronchitis, and asthma averaged 
1,562 per month and appeared to be declining slightly over the 
study period. No seasonal variability nor any association 
with PM )0 levels or the closing and reopening of the mill was 
observed. Monthly "all-other” admissions regressed on 
PM 10 levels and temperature variables (Models 15 and 16 in 
Table 3) showed no significant correlation with PM I0 levels. 

Out-of-county hospital admissions to Utah Valley Re¬ 
gional Medical Center and admissions to Mountain View 
Hospital in Payson were regressed on PM I0 levels and 
temperature variables. Models 17 and 18 in Table 3 present 
the results of the regressions for total out-of-county admis¬ 
sions for pneumonia, pleurisy, bronchitis, and asthma. The 
same regressions were also run on out-of-county and Moun¬ 
tain View Hospital with admissions broken down by adults, 
children, and respiratory illnesses, as done in Models 1-14. 


*Dtu available upon request to author. 


TABLE 2—Comparison* of Hospital Inpatlant Admission* tor Utah Valley Regional Medical Cantar and Amsrteart Fork Hospital across Tima Parted* with 
Geneva St*«: Mi:i Open and Closed 


Year 

Steel 

Mm 

Open? 

Mean 

PM 10 
Laval for 
Months 
Included 

Mean High 
PM, 0 Level 
for Months 
Included 

Bronchtet 
and Asthma 
Ages 0-17 

Semple 

Bronchitis Pneumonia 

and Asthma and Pleurisy 

Age 18+ Ages 0-17 

Simple 
Pneumonia 
and Pleurisy 
Age 18+ 

Subtotal 
Ages 0-17 

Subtotal 
Age 16+ 

TOTAL 





Winter Months (Decamber-February) 





1965/86 

yes 

90 

235 

78 

75 76 

73 

154 

148 

302 

1986/87 

no 

51 

96 

23 

67 32 

83 

55 

150 

205 

1967/88 

yes 

84 

177 

78 

65 71 

126 

149 

191 

340 





Fan Months (Saptambar-Wovtmber) 





19B5 

yes 

35 

63 

49 

46 20 

51 

69 

97 

166 

1986 

no 

31 

47 

23 

48 25 

60 

48 

106 

156 

1967 

yes 

47 

83 

55 

46 24 

66 

79 

112 

191 





Fall and Winter (Septamber-February) 





1965*66 

yea 

63 

149 

127 

121 96 

124 

223 

245 

468 

1966/87 

no 

41 

71 

46 

115 57 

143 

103 

258 

361 

1987/88 

yea 

66 

130 

133 

111 95 

192 

228 

303 

531 
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TABLE 3—Samp* Rwults d Multiple Re gr essIon Analysis 


Model 

Dependent 

Variable: 

Monthly 

Admissions 


Regression Coefficients* 


R 2 

Constant 

PM 10 Mean 

L*gg«> 

PM, 0 Mean 

Low 

Ttmperature 

Lagged Low 
Temperature 

1 

Total 

21i16 

0.357 

0.599 

— 

— 

.59 



(71) 

(.14) 

(15) 




2 

Total 

95.54 

0.119 

0.339 

-0.351 

-0.929 

.83 



0*B) 

(.11) 

MD 

(•30) 

(31) 


3 

Total Adult 

25.31 

0.150 

0.175 

— 

— 

.26 



(4.9) 

(.09) 

MO) 




4 

Total Adult 

73.65 

-0,016 

0.017 

-0.347 

-0486 

.64 



(9.4) 

(-08) 

(.08) 

UZJ 

U3) 


5 

Total Child 

-4.14 

0-207 

0.425 . 

— 

— 

.67 



(4.0) 

(06) 

(06) 





Total ChHd 

21.69 

0.135 

0.321 

-0.004 

-0.443 

.75 



(9.7) 

(08) 

(.08) 

(•23) 

(.24) 


7 

PrVPl Adult 

14.57 

0.139 

0.034 

— 

— 

.19 



(3-5) 

(.07) 

(-07) 




6 

PtVPI Adult 

46.64 

0.020 

-0063 

-0.305 

-0.252 

.54 



(7.3) 

(.06) 

(06) 

(.17) 

(18) 


9 

PrVPl Child 

-1.50 

0.112 

0.163 

— 

— 

.53 



(2-5) 

(.05) 

(-05) 




10 

PfVPI Child 

1549 

0.086 

0.095 

0.196 

-0.487 

.72 



(53) 

(.04) 

(.05) 

M3) 

(13) 


11 

Br/As Adult 

10.74 

0.011 

0140 

— 

— 

.36 



(2-0) 

(-04) 

(04) 




12 

Br/As Adult 

26.81i 

-0.037 

0.081 

-0.042 

-0.234 

.59 



(4.3) 

(-04) 

(-04) 

MO) 

(-11) 


13 

Br/As Child 

-2.63 

0.094 

-0.241 

— 

— 

.60 



(2.5) 

(05) 

(-05) 




14 

Br/As Child 

6.40 

0.049 

0.226 

-0.201 

0.044 

64 



(6 5) 

(05) 

(.06) 

(.15) 

(15) 


15 

AiiOther 

1586 

-0.050 

-0.604 

— 

— 

.02 



(46) 

(.9) 

(10) 




16 

AlOther 

1482 

0.640 

-0798 

5.904 

-4.069 

.15 



(120) 

(1.0)i 

(10) 

(2 8) 

(2 9) 


17 

Out-of-County 

15.09 

-0.047 

-0.006 

0.123 

-0.264 

43 


Total 

(2.9) 

(02) 

(.03) 

(07) 

(07) 


16 

Mountain View 

33 38 

-0.013 

-0.041 

0.073 

-0.474 

.46 


Total 

(68) 

(.05) 

(.06) 

(16) 

(16)i 



*Th* sbeotut* vatu* o< m* standard anors is providsd in ps rsn thss — 
RiVPl» prvsumonia'plsufisy 
Br/As - bronchfes/ttthma 


Although Pay son is located in the county and should be 
similarly influenced by contagious illness, it is over 32 
kilometers from the major sources of pollution and should not 
be as influenced by monitored levels of PM 10 . 

The regressions using out-of-county and Mountain View 
Hospital admissions are limited by the fact that only about IS 
per cent of Utah Valley Regional Medical Center admissions 
are out-of-county, and Mountain View Hospital's data are 
missing for the months of October, November, and Decem¬ 
ber of 1986. The results indicated that there was significant 
correlation between the mean low temperature lagged vari¬ 
able similar to those in the earlier regressions. There was no 
positive correlation between out-of-county or Mountain 
View Hospital admissions and PM 10 levels, however. 

Discussion 

The results indicated that hospital admissions for respira¬ 
tory illnesses were strongly associated with PM I0 levels. This 
association is much stronger for children than adults, and 
somewhat stronger for bronchitis and asthma than for pneu¬ 
monia and pleurisy. These associations were particularly strong 
with monthly lagged variables suggesting that the health effects 
of particulate pollution are cumulative and that it takes time 
before they are manifested in inpatient hospital admissions data. 



FIGURE 3—Actual wd Estimated HotpiuJ Admit*loot, April 1963 through 
Juiury 1*88, Utah Villty 
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Also, increased admissions for children are observed even for 
months when PM I0 did not exceed 150 iigfai 5 , suggesting that 
this standard may not be adequate protection for some children. 

There are several concerns about these observations. One 
concern is that if increases in contagious illnesses such as 
influenza by chance coincided with periods of high PM 10 levels, 
particularly during the winters when the steel mill was open, 
then the observed correlation between PM, 0 and admissions 
may be spurious. It would be expected, however, that if this 
were the case, the same correlation would be found in hospital 
admissions from neighboring counties or communities unaf¬ 
fected by Utah Valley’s principal sources of pollution. No such 
correlation was found for out-of-county admissions to Utah 
Valley Regional Medical Center or to Mountain View Hospital 
in nearby Payson. Nor was such correlation found between 
PM I0 levels and non-respiratory hospital admissions. 

Another concern is that often levels of several air 
pollutants rise and fall in concert. PM, 0 may be a surrogate 
for other air pollutants with which H is temporarily associ¬ 
ated. Two pollutants that may have had similar impacts on 
respiratory illnesses during the study period are total sus¬ 
pended particulates and ozone. Because PM, 0 measures only 
relatively small particles of particulate pollution, and because 
it is the smaller particles that are expected to pose the greatest 
health risks, it is considered the most appropriate measure of 
particulate pollution as it relates to respiratory health. 1 
Regression models estimated with monthly mean total sus¬ 
pended particulate levels used as independent variables 
yielded results similar to Models 1-14 presented in Table 3 
which used PM J0 . The correlations between admissions and 
total suspended particulates were generally not as strong as 
those between admissions and PM, 0 . 

There was no evidence that suggested that PM, 0 was 
serving as a surrogate for ozone pollution. The only times 
ozone pollution in Utah Valley rose to levels of any conse¬ 
quence was in the summer months during hot sunny days, 
whereas the periods of high levels of PM, 0 and hospital 
admissions for respiratory illness occurred mostly during the 
winter months when the steel mill was in operation. The results 
of this study suggest that the dominant pollution in terms of its 
impact on respiratory health in Utah Valley is particulate 
pollution and that PM, 0 is a better indicator than TSP. 

Finally, the association between respiratory illness and 
particulate pollution found in this studyis relatively large as 
compared with some previous studies. 22,53 This relatively 
strong association can be explained in part because PM 10 is 
a better indicator of particulate pollution as h relates to 
respiratory health than previously used indicators. 1 Also, 
because Utah Valley experiences relatively high levels of 
particulate pollution, yet has an extremely low portion of its 
population that smoke, particulate pollution is likely a rela¬ 
tively large contributor to respiratory disease in the county. 
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tomv. Common symptoms were headache and sinus/upper 
respiratory congest ion, compatible w ith air contamination by TSP 
or other irritants. In multivariate analysis, illness was found to be 
significantly associated with air TSP concentration (p< 0.002), 
CO : concentration, average number of hours worked per week, 
gender, and smoking status. This is one of very few outbreaks of 
building-related illness where occupant illness has been associated 
with exposure to elevated levels of an environmental contaminant 
(TSP). 

Sy mptoms and the Micro-Environment in the Sick-Building 
Syndrome: A Cross-Sectional Investigation: 


PANEL DISCUSSION: 

GOVERNMENT ACTIVITIES IN 
INDOOR AIR QUALITY 

Aviary Ballroom 

James A. Merchant, M.D. Panel Chairman 
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Richard W. Gorman, National Institute for Occupational 
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Sick Building Syndrome Traced to Excessive Total Suspended 
Particulates (TSP): 

/ G W. Armstrong, M.D., F.A.C.P. 

P. C Shererta, Ph D. 

C. C Llewellyn, Ph.D., Virginia Department of Health. Rich¬ 
mond. Virginia 

An epidemiologic and environmental investigation into the air 
quality of a high-rise public office building was conducted in July, 
1908. A walk-through inspection revealed particulate (dust) soil¬ 
ing of ceiling and work surfaces, in occupied sections of the ser¬ 
vice floor. Building air samples obtained by high-volume air 
pumps and cassette fillers revealed elevated concentrations of total 
suspended particulates (TSP) which ranged up to LOT mg/m 1 
(over 17 times the Building Officials and Code Administrators 
(BOCA) standard). In 17 (59r#) of the 29 areas tested, TSP levels 
exceeded the BOCA standard of 4 0.06 mg/m' (annual average). 
Recorded temperatures, relative humidity readings, and supply of 
outside air were within acceptable limits. Testing for volatile 
organic compounds, combustion products, formaldehyde, ozone, 
and fungal spores revealed no levels of concern. A survey of 
occupants in selected units was conducted with 94 r » participation. 
Fifty-five percent indicated that they* had experienced symptoms 
that appeared or worsened during their working hours. Of these, 
47*0i indicated that they had missed work because of their symp- 


LMJ. Hodgson, M.D., M.P.H., University of Pittsburgh School 
of Medicine. Pittsburgh. PA 

P, Collopy, M.E., C.I.H., Carnegie Mellon University. 

Pittsburgh. PA 

In a cross-sectional investigation in one building, complaints 
associated with the "sick building syndrome" were measured 
on a linear analogue scale questionnaire. At the same time, the 
micro-environment was characterized in the breathing zone by 
measuring temperature, relative humidity, respirable suspended 
particulates. Regression models suggested that heat load may have 
contributed to the level of complaints. 

Health Effects of Heating With Wood: Chest Illness in Young 
Children and Indoor Heating With Woodbuming Stoves: 

d. S. Osborne, III, Ph.D. M.P.H., Southwestern Michigan Area 
Health Education Center, Kalamazoo, Michigan; 

R. E. Honicky, M.D., Michigan State University College of 
Human Medicine, East Lansing. Michigan 

This study investigated a suspected relationship between the 
occurrence of chest illness in young children and use of woodbum¬ 
ing stoves (W BS) for indoor heating. Data were prospectively 
collected during the winters of 1980,1981, and 1982 for 62 mid- 
Michigan children age one to seven years (31 randomly selected 
children from W'BS-heated homes and 31 conirols from homes 
heated by conventional sources matched for age, sex, and place 
of residence). The speciftca priori research hypothesis w ere that 
the proportion of children having a chest illness would be 
significantly greater in the WBS-group than in the control group, 
that a greater proportion of WBS-group children wtwild have chest 
illnesses lasting at least one week, and that a greater proportion 
of W BS-group children would be hospitalized before age two years 
for chest illness. 

Resuhs showed a significant difference (p<0.0$) between the WBS 
and control groups in the proportion of children having a chest 
illness from 1980-82 (especially bronchitis, upper respiratory 
infection, and pneumonia); 39*i» of the WBS-group and I9^» of 
controls had at least one such illness. Further, the W'BS-group had 
a greater proportion of chest illnesses lasting at least one week 
<32 r * vs. 16*V) and a greater proportion of hospitalizations for 
chest illness before age two years (16^# vs. I0 r *). These differences # 
were not accounted for by medical histories, frequency of physi¬ 
cian visits, sociodemographic factors, or exposure to other sources 
of indoor air pollution investigated in the study (ie., parental 
smoking, cooking w ith gas, urea-formaldehyde foam insulation) 
and suggest that indoor heating with W BS may be a significant 
risk factor for chest illness in young children. 

The Effects of Environmental Tobacco Smoke on Acute 
Respiratory Disease: 

B. D. Oslro, Ph.D., Californio Public Health Foundation, 

Berkeley, California 

There are few sources of data that provide individuaUlcvel 
estimates of smoking status, as well as information on exposure 
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Platt, s.D. , Martin, C.J., Hunt, S.M., Lewis, C.W. "Damp housing, 
mould growth, and symptomatic health state" EMJ 298: 1673-1678, 
1989. 

ABSTRACT. Objective-To examine the relation between damp and mould 
growth and symptomatic ill health. 

Design-Cross-sectional study of random sample of 
households containing children; separate and independent assessments 
of housing conditions (by surveyor) and health (structured interview 
by trained researcher). 

Setting-Subjects' homes (in selected areas of public 
housing in Glasgow, Edinburgh, and London). 

Subjects-Adult respondents (94% women) and 1169 children 
living in 597 households. 

End points-Specif ic health symptoms and general 
evaluation of health among respondents and children over two weeks 
before interview; and score on general health questionnaire (only 
respondents). 

Measurements and main results-Damp was found in 184 
(30.8%) dwellings and actual mould growth in 274 (45.9%). Adult 
respondents living in damp and mouldy dwellings were likely to 
report more symptoms overall, including nausea and vomiting, blocked 
nose, breathlessness, backache, fainting, and bad nerves, than 
respondents in dry dwellings. Children living in damp and mouldy 
dwellings had a greater prevalence of respiratory symptoms (wheeze, 
sore throat, runny nose) and headaches and fever compared with 
those living in dry dwellings. The mean number of symptoms was 
higher in damp and mouldy houses and positively associated with 
increasing severity of dampness and mould (dose response relation). 
All these differences persisted after controlling for possible 
confounding factors such as household income, cigarette smoking, 
undemployment, and overcrowding. Other possible sources of bias 
that might invalidate the assumption of a causal link between 
housing conditions and ill health-namely, investigator bias, 
respondent bias, and selection bias-were also considered and ruled 
out. 

Conclusion-Damp and mouldy living conditions have an 
adverse effect on symptomatic health, particularly among children. 
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(500 IU) compared with 300 pg used in the Canadian 
work. 3 

Widespread administration of anti-D immuno¬ 
globulin antenatally in this regimen would not be 
possible at present because of limited supply from 
a decreasing pool of immunised donors. Immuno¬ 
globulin produced by genetic engineering, however, 
may be available soon, and trials are planned to study 
the effectiveness of even lower doses. 

When studying a treatment regimen for any side 
effects it is important to avoid the bias created by 
considering only untoward consequences. Unexpected 
benefits are also possible, and we paid particular 
attention to any effects anti-D immunoglobulin may 
have had on the incidence of hypertensive disease 
such as pre-eclampsia. Some evidence suggests that 
previous blood transfusions may reduce the inci¬ 
dence,’- and possibly some blood products also do so. 
The data collected, however, though not contradicting 
this hypothesis, showed no significant difference. 
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Abstract 

Objective— To examine the relation between 
damp and mould growth and symptomatic ill health. 

Design— Cross-sectional study of random sample 
of households containing children; separate and 
independent assessments of housing conditions (by 
surveyor) and health (structured interview by trained 
researcher). 

Setting— Subjects' homes (in selected areas of 
public housing in Glasgow, Edinburgh, and London). 

Subjects— Adult respondents (94% women) and 
1169 children living in 597 households. 

End points— Specific health symptoms and 
general evaluation of health among respondents and 
children over two weeks before interview; and score 
on general health questionnaire (only respondents). 

Measurements and main results—Datmp was 
found in 184 (30*8%) dwellings and actual mould 
growth in 274 (45-9%). Adult respondents living in 
damp and mouldy dwellings were likely to report 
more symptoms overall, including nausea and 
vomiting, blocked nose, breathlessness, backache, 
fainting, and bad nerves, than respondents in dry 
dwellings. Children living in damp and mouldy 
dwellings had a greater prevalence of respiratory 
symptoms (wheeze, sore throat, runny nose) and 
headaches and fever compared with those living in 
dry dwellings. The mean number of symptoms was 
higher in damp and mouldy houses and positively 
associated with increasing severity of dampness and 
mould (dose response relation). All these differences 
persisted after controlling for possible confounding 
factors such as household income, cigarette 
smoking, unemployment, and overcrowding. Other 
possible sources of bias that might invalidate the 
assumption of a causal link between bousing con¬ 
ditions and ill health—namely, investigator bias, 
respondent bias, and selection bias—were also con¬ 
sidered and ruled out. 

Condition—Damp and mouldy living conditions 


have an advene effect on symptomatic health, 
particularly among children. 


Introduction 

Showing a direct relation between damp housing 
and ill health is by no means straightforward. Firstly, 
those living in the worst housing conditions are likely 
to be experiencing other forms of adversity, such as 
low income and unemployment l Secondly, personal 
behaviour may also play a pan in the causation of ill 
health. An equally important methodological concern 
is the process of the diata collection itself. If informa¬ 
tion about health and housing conditions is elicited in 
the same interview respondents may exaggerate the 
prevalence of problems, leading to a spurious associa¬ 
tion between the two phenomena. Moreover, the 
researchers themselves may influence reporting. 

In 1986 we carried out a preliminary study in Edin¬ 
burgh, which attempted to overcome these methodo¬ 
logical difficulties by using a double blind research 
design.’ Children living in damp houses, particularly 
where there was also mould growth, were reported to 
have higher rates of respiratory and gastrointestinal 
symptoms, aches and pains, and fever than children 
in dry dwellings. These differences could not be 
attributed to smoking or differences between damp 
and dry households regarding unemployment, income, 
overcrow ding, or duration of tenancy . The numbers of 
households that included a child was not large enough 
(n-101)* however, to permit a full analysis of the role 
of other possible confounding variables. Accordingly, 
we carried out a larger scale, more detailed investiga¬ 
tion. 


Subjects and methods 

The study was conducted in three major cities: 
Edinburgh, Glasgow, and London. Within each city 
discrete geographical areas of public housing were 
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identified in which (a) families with young children 
predominated; ( b) the prevalence of damp housing was 
thought to be in the range of 25-50% of total dwellings; 
(c) socioeconomic state was likely to be fairly homo* 
geneous; and (d) types of housing and structures of 
buildings, including any renovations, could be clearly 
specified. Two sites were chosen in Edinburgh, two in 
Glasgow, and one in London. Tenants’ groups were 
contacted and their cooperation elicited. Lists of 
addresses at the chosen sites were obtained from the 
relevant housing departments. The intention was 
to achieve a sample of 500 eligible households in 
Edinburgh and in Glasgow and 200 in London: A 
random sample of addresses was drawn according to 
the total number of dwellings in the area. 

Only those households with at least one child aged 
under 16 were eligible for inclusion in the study. As 
official statistics on the exact location of families with 
young children were not available the sample was 
identified in two ways: (a) at the time of the main health 
interview (see below) the interviewers identified suit¬ 
able families by contacting each dwelling on the list; 
and (b) in two of the sites members of the tenants’ 
association identified addresses on the list containing 
families who met the study criteria. 

Two surveyors carried out an assessment of damp¬ 
ness (severity and type) and mould (severity and 
location) and details of the structure of die dwelling. 
Using an air sampler (Surface Air Systems) they 
extracted air samples from rooms and, where visible 
mould growth was present, a sample from each 
affected room was collected. A microbiologist esti¬ 
mated spore counts from the air samples and identified 
the fungi from air and walls when possible. 

We devised and pretested two survey forms. The 
form for the house conditions survey contained items 
on type of building, location, number of rooms, 
dampness, mould, ventilation, insulation, and reno¬ 
vations. The health survey was a revised version of that 
used by Martin tied . 11 In the course of a structured 
interview the respondent (whenever possible the 
female householder); answered detailed questions 
about her own and her children’s health during the past 
two weeks; smoking by all adults and children; type of 
heating, washing, and drying facilities; presence of 
pets; economic activity and occupation of all adults 
in the household; household income; and housing 
conditions and facilities. 

The study was carried out during February-April 
1988. Once the health interview bad been completed 
the surveyors w ere instructed to visit the dwelling. The 
petri dishes containing air and wall mould samples 
were taken each day to the University of Strathclyde, 
where they were refrigerated and cultured. Air spore 
counts were calculated and fungi identified when 
possible. The surveyors and the microbiologist were 
blind to each other’s findings and also to the findings of 
the health survey team. 

We used four categorical independent variables re¬ 
lating to housing conditions. Households that received 
a house conditions survey were classified into three 
groups: those where there was no objective evidence of 
dampness or mould growih (dry), those with only 
damp, and those with mould (whether or not dampness 
was also present). The overall dampness in the house¬ 
hold was calculated by averaging the score for each 
bedroom, sitting room, and kitchen on a four point 
scale of severity (0*nohe; 3=severe). Households in 
which the average dampness score exceeded zero 
(no dampness whatsoever) were divided into three 
approximately equal sized groups labelled mild (score 
ranging between 0 01 and 0-52), moderate (0 53 to 
1 05), and severe (>1*06). A similar procedure was 
adopted to divide households into four groups differ¬ 
ing in average severity of mould (none, mild (0 01 to 


0-45), moderate (0-46 to 077), and severe <^0-78j). 

The spore concentration per m’ air was measured in 
the kitchen, living room, and bedrooms of households 
in Edinburgh and Glasgow visited by the surveyors. 
On the basis of preliminary work in Edinburgh (B 
Flanagan and C A Hunter, unpublished data) and 
elsewhere^ we devised a five point scale fcoded 1 to 5): 
low (<100 viable spores/m' air), medium (101-300;, 
high (30M 000), very high (1001-5000,, and extremely 
high (>5000). The household spore concentration was 
the mean score on the scale per available room. A new 
variable was created by dividing this mean score into 
three groups; low (scoring 1), medium (101 to 2 00); 
and high (>2). 

To ensure that the relation between housing con¬ 
ditions and ill health was not invalidated by covariation 
with other variables several possible confounding 
factors were also examined, particularly cigarette 
smoking in the household (no/ves), respondents’cigar¬ 
ette smoking (no/yes), net household income (above 
median (£80)/below median), overcrowding (less than/ 
more than 1*5 people per room); employment in the 
household (somebody employed/nobody employed); 
and employment state of the respondent (employed/ 
unemployed, no paid employment), 

The respondent was asked to report on the presence 
of 16 specific symptoms seen in the past two weeks in 
any child (aged 0-15) living in the household. We 
devised two summary symptom scores relating to 
children: the unadjusted score being the total number 
of symptoms among all children in the household and 
the adjusted score being the total of symptoms divided 
bv the number of children —that is, the mean number 
of symptoms per child. Another summary dependent 
variable for children was the mean score on health 
evaluation derived from the respondent’s general 
evaluation of each child on a scale of 1 (excellent) to 5 
(very poor). The respondent was also asked to report 
whether she had suffered from any of 17 specific symp¬ 
toms over the past fortnight l A summary symptom 
score vas merely the sum of individual symptoms. In 
addition, the respondent was asked to rate her general! 
health on the same five point scale used for children 
and to complete the 30 item general health question¬ 
naire’ (range 0-30); here used as a general indicator of 
psychological distress. Finally, we inquired about 
medical treatment for symptoms and the presence of 
a recurrent or longstanding illness among both re¬ 
spondents and children. 

Univariate analyses of the relation between each 
independent variable and dependent variables were 
carried out with yj tests (categorical variables) or one 
way analysis of variance (metric variables). Subse¬ 
quently, multivariate analyses were performed to 
examine the association between housing conditions 
and ill health after controlling for possible confounding 
factors. When the response variable was binary/ 
categorical we used logistic Linear regressign analysis 4 ; 
for metric response variables we used analysis of 
covariance.' The extent of any dose-response relation 
between severity of dampness, mould growih; and air 
spore concentration and health was assessed by means 
of tau c (categorical variables) and the Pearson 
correlation coefficient (metric variables). Identical 
results were obtained with respect to metric variables 
transformed to base 10 logarithms. Only original 
values are reported below. 

On the basis of previous work we expected to find a 
distinct effect of adverse housing conditions on respira¬ 
tory and gastrointestinal symptoms in children and on 
emotional distress in adults. Evidence of a dose 
response relation was considered to be particularly 
relevant in assessing the likelihood of a causal impact of 
dampness and mould on symptomatic health. 

For the purposes of this report the results from 
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Edinburgh, Glasgow, and London have been com* 
bined. (Although the prevalence of damp and mould 
varied in each city, there were no pronounced differ¬ 
ences in the association between housing conditions 
and symptomatic health state between cities.) 

Results 

RATES OF RESPONSE 

Of 1220 households with children eligible for inclu¬ 
sion in the study, a health interv iew was secured in 891 
(73-0%); 156 (12-8%) respondents refused to be inter¬ 
viewed, and 173 (14 2%) could not be contacted. 
Surveyors completed their investigations of housing 
conditions in 597 households, constituting 48*9% of 
eligible households and 67*0% of those who had the 
health interview. A comparison between surveyed 
(n- 597) and non-surveyed (n=294) households 
showed no differences in sociodemographic charac¬ 
teristics, such as gender, marital state, household size 
(including number of children), social class, and 
overcrowding, or regarding disposable income, cigar¬ 
ette smoking, length of time at current address, 
presence of pets, or self-reported damp or mould. The 
only significant difference concerned employment: 
131 (22%) respondents in surveyed households were 
employed compared with 100 (34%) respondents in 
non-surveyed households(/;= 12*54, df= l, p<0*001); 
corresponding figures for any adult in employment 
were 257 (43%);and 156 (53%), respectively (y;=7'55, 
df=l, p<0 01). 

All subsequent analyses were based on the 597 
households, containing 1169 children, that received 
both a housing survey and a health interview. 

COMPARISON OF THREE HOUSING CONDITIONS GROUPS 

Oui of the 597 households, only 184 (30*8%) were 
free from damp or mould (dry), In 139 (23*3%) 
households surveyors found evidence of damp and in 
274 ( 4519 %, of which all but nine were also damp) 
actual mould growth was visible. The three housing 
conditions groups (dry, only damp, mouldy) were 
compared for descriptive purposes on a number of 
background (sociodemographic and other) variables. 
(It was, of course, recognised that a variable could 
act as a confounder even if it did not differentiate 
significantly between groups.) Only one significant 
difference emerged: respondents living in dry house¬ 
holds had been living an average of 5*9 (SD 4*9) years 
at the address compared with 4*8 (4*1) years among 
respondents in damp houses and 6*4 (5*5) years among 

T\8LE i—Respondent's health during pan two weeks by housing conditions. Figures are numbers 

percentages ■ unless stated otherwise 


S' mptom 

Housing conditions 

Significance 

No damp 
or mould 
n* 184 ‘ 

Damponk 

in-139 

M6uld 

n«274 

X 

Degrees 

of 

freedom 

p 

Valilw 


76 41 3 

69 50 0 

141 5115, 

4 i* 

2 

0089 

H if h htomJ prtuurc 

9.4 9, 

7l5l, 

22 1H>' 

2 33 

2 

0 312 

Persistent cough 

30 -16 3; 

27 vJ9 4, 

64.23-4) 

3 47 

2 

0 177 

Bad nerves 

3V 19 0, 

31C22 3. 

80 29 2, 

662 

2 

0036 

\*heering 

19 10 3; 

17/12 2; i 

37.13 6, 

107 

2 

0587 

Aching Kimis 

28 »VZ. 

23.16 5* 

65 23 7. 

605 

2 

0 049 

Skin pro hit cm 

26 14 1 

23 16 5 

43 15 7. 

0 39 

2 

0 825 

Pcrsivtcni; head*. hcv 

49 26 6 

43 309 

75 27 4. 

082 

2 

0 664 

Nausea vomiting 

7,i3*> 

9,6 5, 

27 99 

6 17 

2 

0046 

Back ^ he 

41 22 3 

40 34 5,. 

81 29-6. 

6 13 

2 

0 047 

BimktJ mrst 

25; U-6. 

18 12 9 

58 21 2 

6 53 

2 

0038 

PalpuaimnN 

* 4 3- 

9 6 Si. 

22 8 0 

2 44 

2 

0 295 

Maiming >pelk 

3 16. 

12.86, 

17 6 2 

8 37 

2 

0 015 

Diarrhtw) 

5 2 7 

9 6?. 

19 6 9 

4 06 

2 

0 131 

OnM*rai**’n 

116 0 

8.31. 

33.12 0, 

7 01 

2 

0 029 

Br tathlcisntss 

19 103 

24 j !7’J, 

51 18 6.. 

601 

2 

0 049 

F«lihg depressed 

51 .27 7, 

47 1 33 8 1 

104 38 0 

515 

2 

0076 

Am symptom 

144.78 3i 

1I3'8I 3 

217 79 21' 

0 46 

2 

0 795 

Mean SD No of Kympt««ms 

7 40 2 37 i, 

3 05 3 01. 

3 43 J 25, 

F *6 67 

2.594 

0 001 

Mean SD health:esaluatnon score 

2 41 0 93 

2-49/0 99 

2 66 0 97; 

FI* 4 09 

2.594 

0 017 

Mean bi) general healthsjueMnmnairc NoWt 

< 74 7 12; 

6 87 * 78 

7 20:* 3V 

H*ll92 

2:581 

0 148 


respondents in mouldy houses (F=4*35, df=2,584, 
p<0*02); only the difference between damp and 
mouldy houses was significant (Scheffe test, p<0*05). 
Housing groups did not differ in number of children 
(mean (SD) 2*0 (1*0)), total number of household 
members (3* 8 (1 *2)), respondent’s gender (559 (93*6%) 
women), respondent’s marital 1 state (384 (64*3%) 
married), net household income (293 (49 d 0%) under 
£80 per week), respondent’s smoking (415, (69*5%)}, 
any smoker in household (476 (79*7%)); respondent 
employed (136 (22*8%)), any household member 
employed (259 (43*4%)), overcrowding (109 (18*3%)), 
presence of pets (269 (45*1%)), tenure of last house 
(465 (77 9%) council dwelling), reasons for moving 
from last dwelling (90 (15*0%) because of dampness; 
247 (41 4%) because of other problems with the house; 
26 (4*3%) for health reasons), and use of Calor gas 
healing (81 (13*5%)). Respondents in mouldy house¬ 
holds, however, reported more problems apart from 
the damp (especially noise, poor repair, and cold) than 
respondents in damp or dry households. (Mean (SD) 
problems 2*7 (1*5), 2*5 (1*6), and 2*2 (1*6), respec¬ 
tively; F=5*0, df*2,594, p<0*01). In particular, the 
prevalence of cold as a problem was reported in 
222 (81%), 100 (72%), and 114 (62%) households, 
respectively; x *20*4, df=2, p<0*001). 

HOUSING CONDITIONS AND RESPONDENT’S HEALTH 

Table I shows the relation between prevalence of 
symptoms in the respondent and housing conditions. 
Significant differences between groups were found 
regarding bad nerves, aching joints, nausea and 
vomiting, backache, blocked nose, fainting spells, 
constipation, and breathlessness. The lowest propor¬ 
tion reporting symptoms was found in dry households; 
with only one exception (fainting spells) the highest 
proportion was found in mouldy households. Al¬ 
though housing conditions were unrelated to the 
presence of any particular symptom, there was a 
significant variation in the total number of symptoms 
and in the respondent's evaluation of her health. In 
particular, those living in mouldy houses scored 
significantly higher than those living in dry conditions 
(Scheffe test, p<0*05): The general health question¬ 
naire score was not related to housing conditions 
(table I). 

Preliminary univariate analyses had shown that 
only two of the possible confounding variables (re¬ 
spondent's economic position and cigarette smoking) 
were significantly associated with the presence or 
absence of individual symptoms. We therefore under¬ 
took a series of logistic regression analyses in which 
the dependent variables were the eight symptoms 
previously shown to be significantly associated with 
housing conditions. After controlling for the respond¬ 
ent’s economic position and cigarette smoking these 
differences remained significant for all eight dependent 
symptom variables (problem free households always 
having the lowest proportion of respondents positive 
for symptoms). 

The relation between housing conditions on the one 
hand and the total number of symptoms, health 
evaluation score, and general health questionnaire 
score on the other was further examined by means of 
analyses of covariance. After w*e controlled for length 
of time at address, other bousing problems (or cold 
alone), respondent’s economic position, respondent's 
cigarette smoking, and household income housing 
conditions remained significantly associated with the 
total number of symptoms (6 ranging between 0*10 
and 0 14, p<0*05 to <0*005), with those living in 
mouldy households reporting most and those in dry 
households fewest symptoms. Housing conditions 
were not significantly associated with health evaluation 
score after we controlled for other possible con- 
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founding variables, and the relation with the genera) 
health questionnaire score remained non-significant. 

We examined the dose-response relation between 
the respondents’ symptoms and increasing severity of 
dampness, mould growth, and air spore concentration. 
Table 11 summarises the findings of these analyses. 


TABLE u—Respondent’s health during past mv weeks. Dose-response 
relation with damp, mould, and air spore count. Figures are tan c 
values {p values) unless staled otherwise 


Symptom 

Dampness 
(Max n* 597) 

Mould growih Air spore count 
(Mix o> 589* (Max n- 485 

Tiredness 

0 09(0028.: 

0*06 '0 076 

-0 02(0 341- 

High blood pressure 

0*04 (0 024' 

0*04 ,0 027 

0 05(0 0171 

Persistent cough 

0 09(0 010- 

ow.o no. 

0 06.0 062 

Bad nerves 

0 07(0 036; 

0 09 0 008) 

0 08,0 031» 

WhctZMIg 

0 05(0*047' 

0-03 0 125: 

0 01 (0413: 

Aching Knots 

0 05(0 080* 

007 (0 022, 

0 06(0 083 

Skin problems 

0 03 ,0 209} 

0*00 0 474 

0 06 0 063) 

Persist cm headaches 

0 04(0 150 

-0 02 (0 279 

-O il (0 006 

Nausea-vomuuig 

0*04(00+4) 

0*05 (0 0151 

0 02(0 230, 

Backache 

0*04 (0 167) 

0*02 (0 332) 

0 11 (0 009, 

Blocked nose 

0 11(0 001) 

0*08(0005) 

0 00 (0 451) 

Palpitations 

0*03(0*096); 

aojioosn 

0 08(0 0011 

Fainting spells 

0 05(0 0131; 

0 01(0 381) 

-0 01 (0*289; 

Diarrhoea 

0 02(0 146 

0 02(0 109 

-0 01 (0 413- 

Constipation 

0 02 (0 271) 

0*04 (0*054- 

0*01 (0-414) 

Breathlessness 

0 09(0 003 

0*05(0057 

008(0019, 

Feeling depressed 

0 06(0 081): 

0*0810 026 

0-06,0-107 

Any symptom 

0 02 0 319 

-0 02(0 299 

000.0-482 

No of symptoms 

r =0 14f0 001' 

r» 0-09(0*014' 

r«0 08'0 039)1 

Health evaluation score r* 0 07 (0-047) 

r«O*10tOOO8, 

r«005i0 115)! 

General health 




questionnaire 

r- 0 06 0 082' 

r- 0 06 <0 086 

r-0 0110-4)4)! 


There w T as a significant tendency for increasing severity 
of dampness to be associated with a greater prevalence 
of the following symptoms: tiredness, high blood 
pressure, persistent cough, bad nerves, wheezing, 
nausea and vomiting, blocked nose, fainting spells, 
and breathlessness. The greater the extent of mould 
growih the higher the proportion of respondents 
reporting high blood pressure, bad nerves, aching 
joints, nausea and vomiting, blocked nose, and feeling 
depressed. Finally, the concentration of the air spores 
was positively associated with high blood pressure, bad 
nerves, backache, palpitations, and breathlessness 
and negatively associated with persistent headaches. 
Overall i the total number of symptoms tended to 
increase with higher degrees of dampness and mould 
and air spore concentration, while the health evalua¬ 
tion score was related only to severity of dampness and 
mould growth. No dose-response effect on the general 
health questionnaire score was evident. 

Respondents living in the three different housing 
conditions were compared regarding action taken 

TABLE III— Children's health during past two uxeks by housing conditions . Figures are number 

(percentages) un less stated otherwise 


Housing conditions Significance 


Symptom* 

No damp 
or mould 
<o~184, 

Damp 

onH 

(0-139; 

Mould 

(n*274, 

Degrees 

of p 

X freedom Value 

Bodily aches-pains 

23(12-5) 

30(21*6) 

43(15 7) 

490 

2 

0 086 

Diarrhoea 

34(18-5) 

30(21 6) 

50(18-2) 

073 

2 

0694 

Wheezing 

30(16 3) 

26(18 7) 

74 (27 0) 

8 41 

2 

0*015 

Vomiting 

22.12 0 

25(18 0' 

52 0 9-0, 

4-18 

2 

0 124 

Sore throat 

56(104- 

34(24-5. 

116(42 3. 

14-99 

2 

<0 001 

lmtabililtv 

23(12 5. 

28;20 It 

56(20 4, 

5 32 

2 

0 070 

Tiredness 

25(13 6 

28; 20 1) 

48 07-5) 

2 55 

2 

0 279 

Persistent headaches 

23tl2-5) 

19(13-7) 

58(21-2) 

706 

2 

0028 

Earache 

27(14 7, 

15(10 8 

4707-2; 

295 

2 

0 228 

Fever-high temperature 

21(11*4) 

25 (18 Ot 

67(24*5) 

12-30 

2 

0-002 

Feeling depressed-unhappy 

20(10*9) 

25(18-0) 

42 05-3) 

345 

2 

0*171 

Temper tantrums 

37(20 1) 

37(26-6; 

74 v 27-0. 

3 13 

2 

0 209 

Bedwetting 

41(22-3) 

29(20-9) 

64(23-4) 

0-33 

2 

0 846 

Poor appetite 

31(16-8) 

37(26-6) 

68(24-8) 

549 

2 

0*064 

Persistent cough 

57(31 0; 

52(37*4) 

117(42-7; 

645 

2 

0*040 

Runny nose 

72(39 1) 

56(40 3): 

139(50 7) 

7*43 

2 

0024 

Any symptom 

147(79-9) 

119(85 6) 

248 (90-5) 

10 41 

2 

0 006 

Mein (SD‘ No of symptoms 

3 73(3*95' 

4 39 (4-63v 

5 44 (5*191 

F*7 56 

2,594 

<0001 

Mean (SD) No of Symptoms per child 

2*04(1*98:, 

2 46,2 36) 

2 86(2*43). 

F-723 

2,594 

<0*001 

Mean (SD; health: evaluation score 

2 24(0 89. 

2 30 (0 91) 

2-41(0*4, 

F-l 98 

2,592 

0*140 

•Symptom; present in any child living in household 


during the past two weeks to deal with symptoms and 
presence of recurrent and long-standing illhess. No 
significant differences were found. 

HOUSING CONDITIONS AND CHILDREN’S HEALTH 

Table III shows the prevalence of symptoms among 
children in the household by housing conditions. 

Significant differences were found regarding wheezing, 
sore throat, persistent headache, fever and high tem¬ 
perature, persistent cough, and runny nose. The 
highest proportion reporting these symptoms was 
always found in mouldy households; with only one 
exception (sore throat) the lowest proportion with 
symptoms was found in the dry households. Not only 
was there a significant difference in the proportion with 
any symptom (147 (79 9%) in dry households, 119 
(85-6%) in damp houses, 248 (90-5%;; in mouldy 
houses) but the mean number of symptoms (overall 
and per child) also differed significantly and in the 
same direction. The mean child health evaluation score 
was not significantly different between groups (table 
III)j 

In our preliminary univariate analyses we had noted 
that three of the possible confounding variables (over¬ 
crowding, any cigarette smoker, nobody employed) 
were significantly associated with presence or absence 
of individual symptoms. Another set of logistic regres¬ 
sion analyses was therefore undertaken in which the 
dependem variables were the six symptoms previously 
shown to be significantly associated with housing 
conditions. After controlling for these three con¬ 
founding variables differences remained significant 
for wheezing, sore throat, persistent headache, fever 
and high temperature, runny nose, and for any 
symptom. Only the main effect of housing conditions 
on cough was no longer significant. 

The relation between housing conditions on the one 
hand and mean number of symptoms and mean health :: 

evaluation score on the other w as further examined in a 
series of analyses of covariance. As before, we took into 
account differences in the length of time at address and 
other housing problems (or cold alone): We also added 
a control for the number of children in the household 
and the adult’s general health questionnaire score 
(included because although it did not differ signifi¬ 
cantly with housing conditions, it was correlated 
highly with both the mean number of symptoms in 
children (r=0*30, p<0*001) and mean child evaluation 
score (r=0*35, p<0 001». Finally, we partialled out 
the effects of cigarette smoking in the household, 
unemployment, low income, and overcrowding. There 
was still a significant effect of housing conditions on the 
mean number of symptoms (6 ranging between 0*10 
and 0*13, p<0*02 to <0 005). Children living in 
mouldy households were reported to have the highest 
number of symptoms and those living in dry house¬ 
holds the fewest. Mean child evaluation score 
remained unrelated to housing conditions. 

Table IV shows the dose-response relation between 
children’s symptoms and increasing severity of damp¬ 
ness, mould growth, and air spore concentration. The 
more serious the dampness the greater the prevalence 
of bodily aches and pains, wheezing, vomiting, sore 
throat, irritability, tiredness, persistent headache, 
fever and high temperature, feeling depressed and 
unhappy, poor appetite, persistent cough, and runny 
nose. Dampness was also associated overall w*ith the 
presence of any symptom. The more severe the mould 
growth the greater the likelihood of wheezing, sore 
throat, irritability, persistent headache, fever and high 
temperature, and runny nose. Mould growth was also 
associated with the presence of any symptom. The 
greater the air spore concentration the greater the 
prevalence of wheezing, irritability, and fever and high 
temperature. 
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TABLE iv-Children’s health during past nvo weeks. Dose-respons* 
relation with damp, mould, and air spore count. Figures are tau c 
values ip values) unless stated oihrmnse 


Dampness Mould grou th i An spore couni 
Svmpiom ( Max n * 597' i Max n- W> . Max n - 485 > 


Bodilv aches-pains 

0 08.0-006' 

-0 01 tO 383) 

-0 011(0 384; 

Diarrhoea 

0 02 0 291 

-0 01 0 386* 

0 0110 361) 

Wheezing 

0 10 0 005 . 

0 09.0 005) 

0-07*0-0*4) 

Vomiting 

0 06.0 029. 

0 04 i0 106) 

0-03 0 2385 

Sore throat 

0 09 0 020' 

0 14 .<0 001) 

0 03V0 264 

Irritability 

0 10 0 004 

0 06 0 040) 

0 0710-033'. 

Tiredness 

0 06 0 043} 

O OhO 365). 

0-Ql'i 0-351) 

Persistent headaches 

0 12 <0 0011 

0-09i0 002) 

000(0456) 

Earache 

-0 01 ;0 349, 

0 03(0 170) 

-0 04(0130) 

Fever-high temperature 
Feebng depressed- 

0 I2t<0 001) 

0-10(0 002). 

0 06(0 046) 

unhappy 

0-08 0-00T 

0 02 0 237' 

-0 02 0 294. 

Temper tantrums 

0 W 0 159' 

0 06.0-069. 

0 01 0 399. 

Bedwetting 

002.0 313) 

000(0 460) 

-001(0 437) 

Poor appetite 

0*08 0 015' 

0 03.0 200) 

0 02.0 336,. 

Persistent cough 

0 111-0006 

0 06 0 068) 

0 05 0 139; 

Runny nose 

0 08 0 033' 

0 09.0 023- 

0 06.0 123. 

Any; symptom 

0 08‘0 005 

0 07.0 0m 

0 00.0 492 

Mean No of svmpioms 
Mean No of symptoms 

r«0 17(00011 

r-0-14 (0-001 > 

r-0 U 0 010 

per child 

Mean health evaluation 

r»013t0 001J 

tfO 12(0002) 

r»0 05 (0 161) 

score 

r»0*08.0-025) rw0 07{0 044) 

r*0 06(0 107) 


Overall, the mean number of symptoms tended to 
increase with greater severity of dampness, mould 
growth, and air spore concentration, whereas the mean 
number of symptoms per child and the mean child 
Health evaluation score were related only to greater 
doses of dampness and mould growth. The mean 
number of symptoms per child and the mean child 
health evaluation score were unrelated to the extent of 
air spore concentration. 

The three groups of housing conditions were com¬ 
pared regarding the action taken to deal with children’s 
symptoms during the past two weeks and presence of 
recurrent and Ibngstanding illness. Children in mouldy 
households were more likely to have been given 
medicines (51-8%);than children in damp\43-2%) or 
problem free households (36-4%) (y'= 10*82, df=2, 
p<0 005 ), Other differences did not reach significance. 

Discussion 

Before offering an account of the role of damp and 
mould in the aetiology of symptoms it is necessary to 
consider four types of bias that may invalidate the 
assumption of a causal link between housing com 
ditions and ill health—namely, investigator bias, 
respondent bias, selection bias, and omitted variable 
bias. 

Investigator bias may be dismissed as housing 
conditions and the health of household members were 
independently assessed by two different groups of 
researchers, neither of which included the principal 
investigators. In addition, questionnaires were coded 
and data prepared by workers who were not familiar 
with the objectives of the study . 

Some previous investigations of te housing-health 
relation, particularly those carried out by tenants’ 
groups, have been criticised on the grounds that people 
living in damp and mouldy houses will be inclined to 
exaggerate the extent of their own and their children’s 
health problems. A recent study suggested that the 
observed association between mould and respiratory 
symptoms maybe accounted for by parental awareness 
of mould in the home.* Our reliance on informants’ 
reports about the health of themselves and their 
children was deliberate. We were unconvinced 
about the reliability and appropriateness of diagnostic 
data derived from official records, especially those of 
general practitioners. We thought that it was valid to 
assess health state by means of self reported symptoms 
while at the same time recognising that the likelihood 
of respondent bias was thereby increased. This 


problem was minimised, however, by the use of inde¬ 
pendent, expert assessments of housing conditions. 
Although subjective (self reported) and objective 
(expert) evaluations of the presence of damp and 
mould were significantly and positively associated 
(k=0 26, p<0 001), there was disagreement about 
damp and mould stale in 183 (30*7%) of the dwellings. 
Furthermore, respondents could not have been aware 
of the air spore concentration in the building (The 
association between self reported damp mould and 
spore count, although significant, was not high: 
r=0*14, p<0'001.) Nevertheless, symptoms in both 
children and respondents were related to this measure. 
We also included the general health questionnaire 
score as a covariate when examining the effect of 
housing conditions among children as respondents 
with greater levels of psychological distress tended to 
report more ill health. The mean number of symptoms 
remained significantly higher in damp and mouldy 
dwellings than in dry dwellings. Thus though the 
overall number of symptoms may have been higher 
than would be obtained by an independent observer, 
there is no reason to believe that such a bias affected the 
main findings. 

Another possible source of error is that of selection 
bias. People who already suffer from ill health may 
tend to live in damp or mouldy dwellings: symptoms 
may exist before, rather than be a consequence of, 
living in poor housing conditions. This could happen, 
for example, where the least desirable dwellings were 
allocated to those most in need who* by virtue of low 
income, social circumstances, or medical history, were 
more likely to report ill health. Although housing 
departments may not always act impartially in the 
selection of tenants to households, there is no evidence 
to suggest that they systematically allocate families in 
poorer health to damp and mouldy households. In this 
study families in damp and mouldy dwellings were not 
more likely to have come from previously poor con¬ 
ditions or to have moved for health reasons or to have 
lived a shorter period of time in the dwelling than 
families in dry houses. In addition, many of the 
children in all three housing groups were bom in the 
household in which they were currently living. Thus 
selection bias is highly unlikely to account for the 
findings. 

Omitted variable bias can arise when variables that 
are correlated w ith the major independent variable (in 
this case housing conditions) and have a significant 
(possibly causal) relation with the dependent (outcome) 
variable (such as symptom score) are excluded from the 
analysis. Whereas several factors were significantly 
associated with health state, only cold was also asso¬ 
ciated with housing conditions. Cold stress may 
have made some contribution to the experience of: 
symptoms: a damp house is usually a cold house. 
Unfortunately* we were unable to assess the tempera¬ 
ture of dwellings. We did, however, gather informa¬ 
tion on perceived coldness of the dwelling and this 
variable was included in the covariance analysis. 

In summary, adult respondents living in damp and 
mouldy dwellings were more likely to report nausea, 
vomiting, constipation, blocked nose, breathlessness, 
backache, aching joints, fainting, and bad nerves than 
respondents living in dry dwellings. These differences 
remained after controlling for the respondent’s 
economic position and cigarette smoking. In a more 
extensive covariance analysis respondents living in 
mouldy dwellings were found to have the highest 
number of symptoms even after taking account of 
possible confounding factors such as length of time at 
address, other housing problems, household income, 
economic position* and cigarette smoking. This 
analysis, however, showed that the respondent’s sub¬ 
jective evaluation of health and psychological distress 
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were both unrelated to housing conditions. Increasing 
doses of dampness and mould were especially linked to 
nausea, blocked nose, breathlessness, high blood 
pressure, and bad nerves and to a greater number of 
symptoms and a poorer health evaluation score. 

For children, living in damp and mouldy dwellings 
was associated with a greater prevalence of wheeze, 
sore throat, runny nose, cough, headaches, and fever 
compared with those living in dry dwellings. With the 
exception of cough these differences were unaffected 
by the introduction of controls for smoking in the 
household, employment, and overcrowding. Addi¬ 
tional possible confounding variables were added in an 
analysis of covariance, which still showed a significant 
effect of housing conditions on the mean number of 
symptoms among children in the household. A dose- 
response relation was particularly noted with respect to 
wheeze, sore throat, runny nose, irritability, persistent 
headache, and fever and high temperature. Increasing 
severity of dampness and mould and any symptom, the 
mean number of symptoms (overall and per child), and 
the mean child health evaluation score were also 
associated. 

Several studies have suggested that some varieties of 
fungal spores are allergenic and give rise to respiratory 
conditions. Burr al identified Penicillium notatum , 
Cladosporium herbarum> and Aspergillus species in the 
homes of asthmatic patients and found that the moulds 
gave positive skin test reactions for allergy,’ Fungal 
spores are also believed to affect the respiratory tract 
by producing tissue lesions, by forming saprophytic 
colonies on mucus plugs, and by causing inflammation 
and irritation of nasal and bronchial passages and the 
alveoli.' 

An investigation by May et al found symptoms of 
fever, muscular pain^ chest lightness, cough, and 
headache to be directly caused by organic toxic dust 
and suggested that this "pulinonary mycotoxicosis" 
may represent a systemic reaction to inhaled fungal 
toxins.’’ Although their study was concerned w'ith 
acute episodes after exposure to massive doses of 
organic dust* possibly similar, though less severe, 
symptoms occur as a chronic response to prolonged 
exposure to low concentrations of fungal toxins. 

Analysis of the moulds collected from the dwellings 
in our study is still proceeding and a supplementary 
report on the relation of specific moulds to symptoms 
will be prepared. Single dwellings in the study were 
found to be harbouring over 15 species of mould and 
probably some of these would give rise to allergenic or 
toxic reactions, or both. 

Emotional symptoms in children such as irritability 
and unhappiness are probably linked to physical 
symptoms and indicate that the mental health of 
children is also at risk. Some of the adults' symptoms 
are difficult to explain bv reference to mould, though 
aching joints and nausea could both be reactions 
to fungal toxins. Reports of “bad nerves" are not 
surprising where living areas are unpleasant, children 
are sick, and family life may be fraught. Backache and 
constipation are puzzling phenomena and may be 
indirect consequences of conditions in the home. 
Breathlessness and blocked nose may be more closely 
related to low temperature. Increased blood pressure 
and hypoxia have been observed as reactions to cold 
stress. 11 


We have attempted at all stages of this study, which 
is probably the largest of its kmd ever undertaken, to 
refute the null hypothesis—namely, that there is no 
relation between housing conditions and health state. 
To that end, we adopted double-blind imervievring 
procedures, included a wide array of possible con¬ 
founding factors, and used multivariate statistical 
techniques. Having eliminated (as far as possible; 
alternative explanations for our findings, we concluded 
that damp and mouldy dwellings have direct dele¬ 
terious effects on the physical and psycholbgical well¬ 
being of adults and children. Our confidence in this 
conclusion is enhanced in more positive fashion by two 
observations: firstly, the similarity of these findings 
with those reported in our earlier study,' especially 
concerning children’s respiratory symptoms; and, 
secondly, the strong relation between increasing doses 
of adverse housing conditions (dampness, mould 
growth, and air spore concentration) and symptoms of 
ill health, which is unlikely to be the result of 
respondent bias. 

A considerable • body of evidence now exists that 
supports the contention that dampness and mould is 
an important public health issue, not solely for its 
immediate impact but also for the longterm impli¬ 
cations. Poor housing conditions in childhood, for 
example, are associated with higher rates of admission 
to hospital and higher morbidity and mortality in 
adult life." ” Hopefully, planners, policy makers, and 
medical practitioners will now plan concerted joint 
action to eradicate this unacceptable and needless 
health risk. 


This study was supported by grants from Glasgow and 
Edinburgh district councils and the London Research Centre. 
Many associations and people have contributed to this 
research j In particular^ we acknowledge advice and practical 
assistance from the Community Health Resource Unit* 
Glasgow; Easthall Residents' Association; Royston, 
Molendmar community councils, and the Technical Services 
Agency, Glasgow. 
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SUMMARY: This study examined the relationship between measures of 
home dampness and respiratory illness and symptoms in a cohort of 
4,625 eight-to 12-yr-old children living in six U.S. cities. Home 
dampness was characterized from questionnaire reports of mold or 
mildew inside the home, water damage to the home, and the occurrence 
of water on the basement floor. Symptoms of respiratory and other 
illness were collected by questionnaire. Pulmonary function was 
measured by spirometry. Signs of home dampness were reported in a 
large proportion of the homes. In five of the six cities, one or 
more of the dampness indicators were reported in more than 50% of 
the homes. The association between measures of home dampness and 
both respiratory symptoms and other non-chest illness was both 
strong and consistent. Odds ratios for molds varied from 1.27 to 
2.12, and for dampness from 1.23 to 2.16 after adjustment for 
maternal smoking, age, gender, city of residence, and parental 
education. The relationship between home dampness and pulmonary 
function was weak, with an estimated mean reduction of 1.0% in 
FEF25-75 associated with dampness and 1.6% with molds. We conclude 
that dampness in the home is common in many areas of the United 
States and that home dampness Is a strong predictor of symptoms of 
respiratory and other illness symptoms among 8- to 12-yr-old 
children. 
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Introduction 

Dampness in the home is a potential 
risk factor for respiratory illness in part 
through'the action of (microorganisms 
that thrive in damp environments. Dust 
mites (Pyroglyphidae) are a well-known 
source of allergenic substances (1-5). 
They thrive at relative humidities greater 
than 70%, and they are found in mat¬ 
tresses, carpets, and dust on surfaces 
moist enough to support them. Dust 
mites are most abundant at the end of 
the summer, after a prolonged period of 
high indoor humidity (6-10). They can 
survive low humidity conditions to a cer¬ 
tain extent, but their numbers are reduced 
significantly in homes that are very dry 
in winter (10). The prevalence of mites 
and allergens in house dust decreases with 
increasing altitude (1,11,12), presumably 
because wintertime humidity is lower at 
higher altitudes. Few mites are found in 
dusts obtained in dry climates (13, 14). 
Murray and coworkers (15) reported a 10- 
to 20-fold increase in sensitization to mite 
extracts in children living in a damp cli¬ 
mate when compared with children liv¬ 
ing in a dry climate. Sensitization to cat 
and dog dander was comparable to the 
two groups. Long before the house dust 
mite was shown to be responsible for al¬ 
lergy to house dust (1), it was known that 
asthmatics normally living at low alti¬ 
tudes suffered far fewer attacks at high 
altitudes, and that asthmatic patients 
generally had negative skin tests for dusts 
collected at high altitudes (16). Recently, 
an increased prevalence of asthma in 
Papua, New Guinea, has been associat¬ 
ed with the increased use of blankets con¬ 
taining large numbers of dust mites (17). 

Molds are another source of respira¬ 
tory allergens (18-21). Mold species have 
critical relative humidities ranging from 
less than 80% to more than 90% (18). 
Some genera have stronger allergenic 
properties than do others, and within a 
genus, there can be considerable varia¬ 
tion in allergenic potential among spe¬ 
cies (21). Mold growth in homes can cause 
severe respiratory disease requiring hos¬ 


pitalization (22-24). Typical causes of 
abundant mold growth include leaks in 
the roofs or walls, urinating pets, im¬ 
proper carpet cleaning, leaky plant pots, 
and the use of a cold mist vaporizer (22- 
24). Molds are ubiquitous in ambient air, 
and in dry homes, the presence of molds 
appears mainly to be related to their pres¬ 
ence in outdoor air (25). PeniciUium and 
Aspergillus are among the molds typi¬ 
cally found in residences (26-31). With¬ 
in the allergic population, the prevalence 
of mold allergy has been estimated to be 
2 to 30% (32). 

Despite this information about the 
potentially harmful effects of home 
dampness on respiratory health, relative¬ 
ly few epidemiologic studies have inves¬ 
tigated the health effects of dampness. 
A study from the United Kingdom re¬ 
ported an association in a group of about 
200 children between the prevalence of 
respiratory symptoms and relative hu¬ 
midity in their bedrooms (33). Lesourd 
and coworkers (34) reported a trend to¬ 
ward increasing prevalence of cutaneous 
delayed-type hypersensitivity to a battery 
of ubiquitous antigens in white, Hispan¬ 
ic, and black schoolchildren. These in¬ 
vestigators attributed this trend to the in¬ 
creased risk of exposure to microorgan¬ 
isms in poorer homes. Varekamp and 
Voorhorst (35) and Leupen (36) reported 
that patients with bronchial asthma were 


more likely to live in damp homes than 
were control subjects. 

This report utilizes information on 
home characteristics and respiratory health 
of children participating in a large, on¬ 
going epidemiologic study of air pollution 
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and respiratory health to explore the rela¬ 
tionship between moisture in the home 
and respiratory symptoms in children. 

Methods 

Study Population 

The study population consists of6,273 school- 
children living in six US. communities origi¬ 
nally selected for their historic outdoor air 
pollution levels. These communities include 
Watertown, MA; Kingston and Harriman, 
TN; a geographically defined area in the 
southeast corner of St. Louis, MO; Steuben¬ 
ville and Mingo Junction, OH; Portage, Pir- 
deeville, and Wyocena, Wl, and a random 
sample of 50% of the schools in Topeka, KS. 

Initially, approximately 1,000 children were 
enrolled in each city between 1983 (Water- 
townf and 1986 (Topeka). The cohort was 
drawn from the second through the fifth 
grades, with the number of grades depend¬ 
ing on the size of the school population. Over¬ 
all* 95.9Vo of the invited children participat¬ 
ed. Sample sizes in participating communi¬ 
ties varied between 832 (Watertown) and 1,135 
(St. Louis). One year after the first examina¬ 
tion, the children were invited to participate 
in a foilOw-up study. A total of 5,395 chil¬ 
dren participated, ranging from 735 in Water- 
town to 1,005 in Topeka. For 5,321 of these 
participants, both a questionnaire and a pul¬ 
monary function test were obtained. This re¬ 
port is based on the 4,625 white children who 
were 7 to 11 yr of age at the start of the study 
and who were seen again at the 1-yr follow¬ 
up examination. 

Health, Exposure, and Demographic 
Information 

At both examinations, a questionnaire was 
given to each child to be completed by a par¬ 
ent or guardian and returned to school. In¬ 
formation regarding respiratory illnesses and 
symptoms was requested in a format equiva¬ 
lent to that recommended by the Epidemiol¬ 
ogy Standardization Project (37). Of the re¬ 
spiratory illnesses and symptoms, responses 
concerning doctor-diagnosed respiratory ill¬ 
ness before 2 yr of age, bronchitis in the previ¬ 
ous year, persistent cough (for 3 months of 
the year or more), persistent wheeze (most 
days or nights or apart from colds), chest ill¬ 
ness that kept the child at home for 3 days 
or more, and an index of lower respiratory 
illness (bronchitis, cough, or chest illness) were 
considered. The questionnaire-based defini¬ 
tion of these symptoms has been reported pre¬ 
viously (38). In addition, the occurrence of 
doctor-diagnosed asthma in the past year has 
been considered, as home dampness appears 
to increase the presence of substances that 
cause and/or aggravate asthma. The occur¬ 
rence of hay fever in the past year has been 
considered, as this may be indicative of the 
child's sensitivity to respiratory allergens. Oth¬ 
er nonchest illnesses that restricted the child's 
activities for 3 days or more also were inves¬ 
tigated, as molds may release biologically ac¬ 
tive substances that lead to systemic effects 


(39). These other nonchest illnesses were de¬ 
fined by the question: "In the past year, has 
this child had any other major illness or acci¬ 
dent that restricted his/her activities for a 
week or more?” This immediately followed 
the analogous question on chest illnesses. 

The effect of home dampness on respirato¬ 
ry symptoms was evaluated separately for chil¬ 
dren with asthma or asthmatic symptoms. Per¬ 
sistent wheeze is often considered to be a mark¬ 
er for asthma in children. In this sample, more 
than half of the children with persistent 
wheeze did not report doctor-diagnosed asth¬ 
ma. Three groups of children were consid¬ 
ered: children with doctor-diagnosed asthma, 
children with persistent wheeze but without 
doctor-diagnosed asthma, and children with 
neither asthma nor persistent wheeze. 

In the initial as well as the follow-up ques¬ 
tionnaire, information was asked about the 
family's smoking habits. Exposure to environ¬ 
mental tobacco smoke was expressed as the 
presence or absence of a mother who smokes 
in the home, a variable previously shown to 
affect childhood respiratory illness rates (38). 
Paternal smoking is highly correlated with 
maternal smoking, and it has been shown to 
affect childhood respiratory illness rates, al¬ 
though not as strongly as maternal smoking 
(38). Only maternal smoking was controlled 
in this analysis. The mean number of years 
of schooling of the parents (< 9, 9-12, > 12) 
was used as a proxy for socioeconomic fac¬ 
tors that might influence respiratory health 
or symptom reporting. 

The children were examined at school, 
where their weight and height in stockinged 
feet were measured Forced expiratory maneu¬ 
vers were performed on a recording spirome¬ 
ter (Survey Spirometer; Warren E. Collins, 
Braintree, MA) in a sitting position with free 
mobility without a noseclip. A detailed descrip¬ 
tion of the measurement procedure has been 
given elsewhere (40), 

In the follow-up questionnaire, three ques¬ 
tions were included regarding potential mois¬ 
ture problems in the home: (/) Does water 
ever collect on the basement floor? (2) Has 
there ever been water damage to the build¬ 
ing? (J) Has there ever been mold or mildew 
on any surface inside the home? From these; a 
fourth variable, home dampness, was created 


(dampness absent if answers to questions 1 to 
3 were negative, present if any were positive). 

Indoor air pollution measurements, includ¬ 
ing humidity, were made in a stratified ran- | 
dom sample of the homes of about 1,800 chil¬ 
dren (41). Relative humidity of the indoor air 
is less important for the growth of mites and , 
fungi than the dampness of specific surfaces 
or parts of the building structure These mea- I j 

surements will be reported separately. 

The relationship between the questionnaire 
indicators of dampness and the respiratory 
health outcomes is the subject of this report. 

Statistical Methods 

As a first step, symptom prevalences were cal¬ 
culated for each category of the home damp¬ 
ness variables To investigate potential differ¬ 
ences between cities, odds ratios were calcu¬ 
lated for a number of relevant symptoms 
against the combined dampness variable for 
each city. In the next step, logistic regression ! 
models were constructed in which the associ¬ 
ation between home dampness variables and 
symptoms was adjusted for age, sex, paren¬ 
tal education, maternal smoking, and city of 
residence. 

Pulmonary function was measured by 
FEV,, FVC, and FEFj*.,,. The logarithm of . 
each pulmonary function variable was ! 
regressed on an indicator of sex and on the 
logarithm of age, height, and weight plus j 
maternal smoking, parental education, and 
indicator variables for the city of residence. 
Previously published analyses of pulmonary 
function of preadolescent children (40) have 
shown that this logarithmic transformation 
produces a linear relationship with constant 
variance. The residuals from these models 
were compared between categories of the 
home dampness variables by t testi 

All statistical analyses were performed 
using the SAS Statistical Analysis System 
(42) on a Compaq 286 Deskpro personal 
computer. 

Results 

Reporting rates for the different home 
dampness variables are given for each city 
in table 1. Molds and mildew were report¬ 
ed in almost 40% of homes in Kings- 


TABLE i 


REPORTING RATES FOR HOME DAMPNESS VARIABLES IN SIX U S. CITIES 


City 


Reporting Rate for 


Molds 

W 

Water Damage 

m 

Basement Water* 
(%) 

Dampness? 

<*>) 

Kingston. TN 

38.1 

12.1 

11.3 

457 

Steubenville. OH 

27.9 

14.7 

38.0 

558 

Watertown, MA 

20.9 

16.4 

42.0 

55.8 

St. Louis. MO 

26.9 

230 

394 

564 

Topeka, KS 

33.0 

22 2 

300 

569 

Portage. Wl 

354 

16.0 

33.3 

58.2 


* IndudM hom** with no baaamanta 

1 Dampn —4 • dafoad m motda, watar damapa. or watar m basamant. 
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TABLE 2 

SYMPTOM PREVALENCE FOR EACH OF THE HOME DAMPNESS VARIABLE CATEGORIES 


Symptom 



Dampness Variable 




Molds 

Water 

Demage 

Basement 

Water 

Dampness 

Yes 

No 

Yes 

No 

Yes 

NO 

Yes 

No 

Wheeze 

148 

89 

15.0 

9.9 

11.2 

10.4 

12.2 

9.0 

Cough 

11.7 

6.1 

10.9 

7.2 

9.6 

7.1 

10.1 

5.1 

Bronchilis 

11 1 

7.0 

10.3 

7J 

7.9 

8.5 

9.0 

7.4 

Cheat illness 

10.7 

7.7 

11.4 

8.9 

10.0 

79 

9.9 

6.6 

Lower respiratory iNness 

24.5 

16.2 

23. B 

17.7 

20.8 

179 

22.0 

14.6 

Respiratory Mfneea before age 2 

12.3 

8.4 

10.8 

9.3 

10.0 

9.4 

10.6 

8.1 

Asthma 

5.4 

4.4 

5.4 

4.5 

5.2 

4 5 

5.1 

4.1 

Hay fever 

23-2 

15.8 

22.2 

17.4 

194 

17.6 

19.6 

16.3 

Nonchest illness 

12.5 

9.1 

13.7 

9.5 

11.7 

9.6 

11.9 

8.3 


ton/Harriroan, TN. Reporting rates in 
other communities ranged from 20.9% 
in Watertown to 35.4% in Portage. A high 
rate of water damage was found in St. 
Louis, MO (23.0%), and water was re¬ 
ported to collect occasionally in the base¬ 
ment in approximately 40°7o of the homes 
in Watertown* MA, St. Louis, MO, and 
Steubenville, OH. The low reporting rate 
in Kingston/Harriman, TN is partly re¬ 
ared to the fact that few homes in the sam¬ 
ple had basements (63.3% compared with 
78.4% in Topeka and 93.7% to 98.3% 
in the other communities). 

Children living in homes with indica¬ 
tions of dampness had consistently high¬ 
er rates of respiratory symptoms than did 
children living in homes without these 
indications (table 2). City-specific unad¬ 
justed odds ratios for the association be¬ 
tween respiratory symptoms and damp¬ 
ness were remarkably consistent across 
the six communities (table 3). Similar pat¬ 
terns were found with the other measures 
of home dampness (results not shown). 
These city^specific values demonstrate a 
strong and geographically consistent as¬ 
sociation between dampness and most 
childhood respiratory symptoms. 

When the data were combined across 
cities and adjusted for other predictors 
of respiratory symptoms, respiratory ill¬ 
ness and symptoms, including asthma 
and hay fever and other nonchest illness¬ 
es, had associations with molds varying 
from 1.27 to 2.12 and with dampness 
varying from 1.23 to 2.16 (table 4). All 
but one of these associations were statisti¬ 
cally significant, although the associa¬ 
tion was weakest for asthma. Similar 
results were obtained for water damage 
and water in the basement. 

To assess the effects of asthma and 
wheeze on the association between home 
dampness and other respiratory symp¬ 
toms, the population was stratified into 


three groups: doctor-diagnosed asthmat¬ 
ics, wheeze without doctor-diagnosed 
asthma, and children with neither wheeze 
nor asthma. The results for molds, ex¬ 
pressed as prevalence ratios, are given in 
table 5. Prevalence ratios were used for 
this comparison because wide variations 
in prevalence in the unexposed groups 
made odds ratios difficult to interpret. 
Ratios were consistently smallest among 
asthmatics, but this is explained in part 


by the higher reporting rates among chil¬ 
dren not exposed to dampness. 

After adjusting for age, height, wright^L 
sex, dty of residence, parental education, j 
and maternal smoking, there*was no ^ 
difference in level of FEV* or FVC with W 
the presence of home dampness (table 6). 
There was some indication that FEF»- 7 * 
was negatively related to molds. 

It could be argued that the excess oi j 
persistent wheeze among children living 
in damp homes was due to werreport^b 
ing of symptoms by parents living in^ 
those home£ y lf such overreporting did 
occur, the group of children living in 
damp homes and reported to be symp¬ 
tomatic would be a healthier group than 
the symptomatic children living in dry 
homes. To investigate this issue, we in¬ 
vestigated the relationship between per¬ 
sistent wheeze and pulmonary function 
separately for children living in homes 
with and without reported molds. Per¬ 
sistent wheeze was associated with an 
8.5% deficit in FEF M -« (95% Cl, 5.6% 
to 11.2%) among children in homes with 
no molds, and a 9.2% deficit (95% Cl, 
5.5% to 12.7%) in homes with molds af- 


TABLE 3 

crry-sPECiFic odds ratios for effect of dampness on selected 
_ respiratory illness symptoms tN six u s cities _ 

Respiratory Illness Symptom 


City 

Wheeze 

Cough 

Bronchitis 

Chest 

Hiness 

Respiratory Illness 
before Age 2 

Kingston, TN 

1.51 

3.72* 

1 66* 

1.31 

1.55* 

SteubenviHe, OH 

1.48 

1.42 

140 

1,78* 

1.42 

Watertown. MA 

1.57 

1.74 

1 77 

1.57 

1.72 

St. Louis, MO 

1.53 

1.98* 

1.19 

1.56 

0.94 

Topeka. KS 

1.40 

2.48* 

1.09 

1.86* 

1.77* 

Portage, Wl 

1.23 

2.00* 

0.90 

1.38 

1.43 


• p < 0 05 


TABLE 4 


ASSOCIATIONS BETWEEN HOME DAMPNESS AND SYMPTOMS OF 
CHILDHOOD RESPIRATORY AND OTHER ILLNESS. ADJUSTED 

FOR AGE, SEX, CITY OF RESIDENCE. PARENTAL 

EDUCATION, AND MATERNAL SMOKING. 

IN SIX U.S. CITIES 


Estimated Odds Ratios tor 

Symptom 

Molds 

Dampness 

Wheeze 

1.79 (144. 2.32)* 

1.23(1.10,1.39) 

Cough 

2 12(1 64. 2.73) 

216 (164. 2.84) 

Bronchitis 

1 48 (1.17, 1.87) 

1.32 (1.05. 167) 

Chest M ness 

1.40 <1.11,,1.78) 

1.52 (1.20, 193) 

Lower respiratory illness 

1.57 (1.31, 1.87) 

1.68 (1.41. 2.01) 

Respiratory illness before age 2 1.42 (1.12,1.60) 

1.40(1.11, 1.78) 

Asthma 

1.27 (0.93, 1.74) 

1.42 (1.04, 1.94) 

Hay fever 

1.57 (1.31, 1.87) 

1.26 (1.06. 1.50) 

Nonchest illness 

1.40 (1.13, 1.74) 

1.55(1.25.1.93) 


* 6SH confidence limits in p aren theeei 




ource: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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TABLE 5 

ASSOCIATIONS BETWEEN REPORTED MOLDS IN THE HOME AND 
RESPIRATORY SYMPTOMS IN ASTHMATICS, NONAS THMATIC 
WHEE2ERS, AND NONASTHMATIC NONWHEEZERS 
IN SIX U S. CITIES 


Estimated Prevalence Ratio* for: 


Symptom 

Asthmatics 
(n - 214) 

Nonasthmatic 
Wheezers 
(n - 291) 

Nonasthmatic 
Nbnwheezers 
{n - 3,799) 

Gough: 

1.50* 

1.73* 

1.59* 

Bronchitis 

0.66 

1.41 

1.74* 

Chest illne» 

1.20 

1.46 

1 13 

Lower respiratory Woes* 

1.20 

1.37* 

1.39* 

Respiratory nines* before age 2 

1.07 

1.13 

1.31* 

Hay fever 

1.04 

1*46* 

1.38* 

Nonchest illness 

0.99 

1*51 

1.31* 


• p < 0.06. 


TABLE 6 

ASSOCIATIONS BETWEEN HOME DAMPNESS VARIABLES AND PULMONARY 
FUNCTION IN CHILDREN, ADJUSTED FOR AGE, HEIGHT, WEIGHT, 
GENDER. CTTY OF RESIDENCE. PARENTAL EDUCATION, AND 
MATERNAL SMOKING, IN SIX U S. CITIES (n - 3,655) 


Home Dampness 

Variable 

Pulmonary Function 
Variabis 

Percent Difference Associated 
with Home Dampness* 

Molds 

FVC 

0.44 (- 0.27. 1.15)t 


FEV, 

0.03 (-0.75. 0.82) 


fef m .„ 

-1.62 (-3.19. -0.02) 

Water damage 

FVC 

0 25 (-0.61. 1*12) 


FEV, 

0.35 (-0.59. 1*30) 


FEF». n 

0.46 (-1.49, 2.45) 

Basemen! water 

FVC 

0.16 (-0.54. 0.87) 


FEV, 

-014 (-0.92, 0.65) 


fef*.,, 

-1.14 (-2.74, 0.44) 

Dampness 

FVC 

-0.09 (-0.75, 0.58) 


FEV, 

-0.21 (-0:93, 0 52) 


FEP„.„ 

-1.06 (-2 55, 0.44) 


* Ditt*r»nc« in matn pulmonary function, txprmMd as parcantag# o4 tha grand maan, batwaan chil- 
Oran Irving in damp homa* and chikJran Irving in dry hornaa. 
t 95% confidanca intarvaJ 


ter adjusting for age, sex, height, city of 
residence, parental education, and mater¬ 
nal smoking. FEV, was similarly reduced 
in children with persistent wheeze, irre¬ 
spective of exposure to molds. Thus, chil¬ 
dren reported to have persistent wheeze 
had similar pulmonary function deficits 
whether they lived in dry or in damp 
homes, a result not consistent with the 
hypothesis of overreporting. 

The questionnaire data were used to 
investigate the association between the 
home dampness variables and a number 
of potential determinants of home damp¬ 
ness: the use of humidifiers or dehumidi- 
fiers, heating system, type of building, 
and age of building. There were more de- 
humidifiers in use in homes where molds 
and mildew were reported (42.0 versus 
28.7 Vo). Molds and mildew were report¬ 
ed in 34.9% of detached single family 
homes (which constituted 76% of the to¬ 
tal sample), and in 17.3% of two-family 


homes (with 13% the only other major 
category). Molds and mildew were re¬ 
ported in 34.8 to 43.4% of homes built 
between 1940 and 1969, and in 26.1 to 
31.9% of homes built either before 1940 
or after 1969. Water damage was report¬ 
ed in 22.0% of the homes built before 
1930 and in 9.9% of homes built after 
1979, with increasing reporting rates with 
increasing age of the homes in between. 
Water in the basement was reported in 
47.8% of homes built before 1930, 
decreasing gradually to a reporting rate 
of 11.2% in homes built after 1979. No 
other associations emerged from this 
analysis. 

Discussion 

The results presented in this report sug¬ 
gest a consistent and strong association 
between reported dampness in the home 
and childhood respiratory symptoms. 
This association remained after adjust¬ 


ment for city of residence, maternal smok¬ 
ing, age, sex, and parental education. 

One explanation for these findings^/ 
could be that people with children ex-"' 
periencing respiratory symptoms report 
dampness in their homes more readily,-? 
than those whose children are not symp- v' 
tomatief This seems unlikely, however, 
because the potential role of home damp¬ 
ness as a risk factor for respiratory ill¬ 
ness has not received the public atten¬ 
tion accorded to other risk factors such 
as parental smoking and the use of un- 
vented combustion appliances. 

Case studies (7,10,23) have document¬ 
ed increased mite populations and mold 
growth in damp homes. These organisms 
have, however, been associated primari¬ 
ly with causation and/or worsening of 
asthma. Interestingly, we find that report¬ 
ed asthma is the only respiratory symp¬ 
tom not consistently associated with 
dampness in the home. The symptom 
“persistent wheeze,” which is closely as¬ 
sociated with reported asthma in the da¬ 
ta, is associated with dampness in the 
home. Also, the relationships with damp¬ 
ness were stronger among nonasthmat¬ 
ic children with or without persistent 
wheeze than among the asthmatic chil¬ 
dren (table 5). It could be argued that 
parents of children with doctor-diag¬ 
nosed asthma tend to move or modify 
the home environment to make it as 
healthy as possible for their children. 

The respiratory symptoms used in the 
analysis were strongly correlated. A child 
with one symptom was four times to 
more than ten times as likely to have one 
or more of the other respiratory symp¬ 
toms than a child not having the index 
symptom. This makes it difficult to sep¬ 
arate the associations between dampness 
in the home and the various respiratory 
symptoms. It is also possible that a rela¬ 
tively high percentage of children report¬ 
ing symptoms other than wheeze or asth¬ 
ma have reactive airway disease. Hallett 
and Jacobs (43) reported that reactive air¬ 
way disease was present in 80% of pa¬ 
tients presenting with acute bronchitis. 
Molds have been associated with respi¬ 
ratory symptoms and diseases other than 
wheeze and asthma (23, 24) 

A recent study in Edinburgh, Scotland 
found a highly elevated prevalence of re¬ 
spiratory symptoms among children liv¬ 
ing in damp homes (44). The prevalence 
of wheeze in the past year was as high 
as 38.1% in homes in which molds were 
reported to be present in the child’s bed¬ 
room compared with 10.5% in homes 
where no molds were reported* There 
was no clear relationship between home 
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dampness and bronchial lability, hcrw~ 
ever, and this was interpreted as evidence 
that the association between home damp¬ 
ness and respiratory symptoms could be 
due to overTeporting of symptoms (or a 
greater awareness of symptoms) among 
parents of children living in damp homes. 
The prevalence of wheeze was much high¬ 
er in the damp homes in Edinburgh than 
in the damp homes in this study. In this 
study, the prevalence difference between 
homes with and without reported molds 
was only 6^0 (14.8 versus 8.99fc). The 
mean of FEF**- n measurements was also 
lower among children living in damp 
homes, although only the association 
with molds was statistically significant. 
We also found that children with persis¬ 
tent wheeze had very similar deficits in 
FEF„. 7t and FEVj in dry and damp 
homes. Overreporting of wheeze in damp 
homes would have diluted the association 
between wheeze and pulmonary function 
level present. 

Another interesting finding is the as¬ 
sociation between home dampness and 
reported illnesses other than those of the 
chest. Comparable associations have not 
been found in this population between 
smoking in the home and other nonchest 
illnesses (45). Nonchest illnesses may 
include various illnesses of the upper 
respiratory tract such as head colds, rhi¬ 
nitis, and sinusitis, which may be con¬ 
sidered respiratory illnesses, and the asso¬ 
ciation with dampness indicators is plau¬ 
sible. A recent study from the United 
Kingdom (46) has also suggested that 
home dampness is related to nonrespira- 
tory symptoms. 

These findings have implications both 
for further studies of indoor pollutants 
and for health policy. The effect of mol 6s 
or dampness is comparable in size to the 
effect of passive smoking (44). Whether 
the respiratory illnesses produced by pas¬ 
sive smoking and molds and dampness 
have similar long-term significance is un¬ 
known. Further investigation of child¬ 
hood respiratory illnesses will require 
consideration of both of these variables 
simultaneously. 
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SUMMARY: A prospective epidemiologic study was carried out for 12 
weeks in the winter of 1983 to evaluate the impact of indoor air 
contaminant levels on respiratory health. A group of 121 children 
below the age of 13 (59 with unvented kerosene space heaters in 
the home; 62 without) were enrolled in the study and nitrogen 
dioxide levels were measured in 93% of the subjects' homes for one 
two-week period. When socioeconomic status and history of 
respiratory illness were controlled, children under the age of 
seven exposed to 30 ug/m3 or more of nitrogen dioxide were found 
to have a risk of reporting lower respiratory symptoms 2.25 times 
(95% C.I. 1.69-4.79) that of children who were not exposed. Aspects 
of our study design, including increased precision of exposure 
classification and the inclusion of very young children, may explain 
our findings. 
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A prospective epidemiologic study wu carried out for 12 weeks in the winter of 1983 to evaluate 
the impact of indoor air contaminant levels on respiratory health. A group of 121 children below 
the age of 13 (59 with unvested kerosene space heaters in the home; 62 without) were enrolled 
in the study and nitrogen dioxide levels were measured in 93% of the subjects’ homes for one 
two-week period. When socioeconomic status and history of respiratory illness were controlled, 
children under the age of seven exposed to 30 pg/m’ or more of nitrogen dioxide were found to 
have a risk of reporting lower respiratory symptoms 2.25 times (95% C.l. 1.69-4.79) that of 
children who were not exposed. Aspects of our study design, including increased precision of 
exposure classification and the inclusion of very young children, may explain our findings. 


INTRODUCTION 

Conflicting evidence exists for t relationship 
between low levels of nitrogen dioxide, such as 
those that commonly occur in homes with unvented 
combustion sources, and adverse health effects, 
such as increased respiratory illness (Keller et al. 
1979; Lebowitz et al. 1983; Melia et al. 1977,1979, 
1982; Speizer et al. 1980; Ware et al. 1984). Much of 
the research has been constrained to measure expo¬ 
sure by proxy—the presence or absence of a source, 
usually a gas cooking stove. While obtaining envi¬ 
ronmental measurements of exposure has been 
difficult due to expense and the greater level of co¬ 
operation entailed by respondents, the assumption 
has not been justified that the presence or absence of 
an unvented gas appliance is sufficient to categorize 


the exposure of a population. N itrogen dioxide (N0 2 ) 
levels in homes using electricity for cooking have 
been measured at levels as high as 33.8 |ig/m } 
(Goldstein et al. 1979). A number of factors, such as 
ventilation rate and the presence of other unnoted 
unvented combustion appliances, are frequently dif¬ 
ficult to measure and can cause this wide range in 
exposure levels. 

To assess the existence and the magnitude of an 
association between N0 2 levels and adverse respira¬ 
tory outcomes, we wanted to capitalize on the in¬ 
creased use of kerosene heaters and their potentially 
high N0 2 emissions. Because N0 2 has been hypoth¬ 
esized to interfere with host defense mechanisms, 
lower respiratory illness, represented by symptom 
reports, was used to examine the association between 
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NOj and adverse health outcomes. Since acute respi¬ 
ratory infections are frequent, particularly among 
young children, greater power to detect differences 
in illness rates could be obtained from observing a 
relatively small number of subjects. In addition, re¬ 
ports in the literature indicated that young children 
would be most likely to be sensitive to any adverse 
effects from N0 2 . 

METHODS 

Study design 

A prospective cohort study of adult women and 
children was conducted from January to April 1983 
in New Haven, CT. to delineate associations between 
low levels of indoor air contaminant levels (includ¬ 
ing NO,, sulphur dioxide, and formaldehyde) and 
respiratory symptoms. A group of 121 children under 
the age of 13 was enrolled in this study, 59 living in 
homes with kerosene space heaters and 62 living in 
homes without heaters. To study the association be¬ 
tween low levels of N0 2 and respiratory symptoms, 
we systematically chose one child from each fam¬ 
ily under the age of 13 and closest in age to 5. 
The participation rate was 78% of families living in 
homes with kerosene beaters, and 81% of those living 
in homes without heaters. The air monitoring design 
is described elsewhere (Leaderer et al. 1986). 

Data coU action 

Data were gathered from several sources: baseline 
in-person interviews, 6 follow-up telephone inter¬ 
views, measurements from passive monitors placed 
in 93% of the homes, and town tax assessor record 
abstracts. 

The baseline interviews were administered between 
October 1, 1982, and January 14,1983, and gathered 
information on demographics, medical history, build¬ 
ing characteristics, and homeowner’s heating pat¬ 
terns. 

Follow-up telephone interviews were administered 
bi-weekly from January 30, 1983, to April 2, 1983. 
These consisted of: (1) a symptom checklist covering 
20 symptoms of upper respiratory illness, lower re¬ 
spiratory illness, symptoms of general malaise, and 
a count of the number of days with each symptom, 
and (2) current heating patterns. 

Data abstracted from town tax assessor records 
included the assessed value of the home, the materi¬ 
als used, the condition of the home, its age, the type 
of heating system and fuel used, the number of rooms 
and floors in the home, and the square footage of the 
bottom floor. 


Approximately 93% of the children’s homes were 
monitored with passive diffusion tubes for N0 2 
for at least one two-week period. These tubes were 
placed in three locations inside the residence and one 
location outside. Sulphur dioxide, formaldehyde, and 
air infiltration rates were measured in a subsample 
of homes, but will not be reported here. 


Dafinition ol raspiratory illnass 

The outcome variable of interest in this study was 
maternally reported acute respiratory illness, partic¬ 
ularly lower respiratory illness. Lower respiratory 
symptoms included: fever, chest pain, productive cough, 
wheeze, chest cold, physician-diagnosed bronchitis, phy¬ 
sician-diagnosed pneumonia, and asthma. Upper respira¬ 
tory symptoms were also ascertained. They included: 
fever, sore throat, nasal congestion, dry cough, croup, 
and head cold. As the data were too sparse to analyze 
by individual symptom, clusters of lower respiratory 
symptoms and upper respiratory symptoms were formed, 
and incidence was summed for the entire study period 
of 12 weeks. A symptom cluster was considered pres¬ 
ent if two or more symptoms in the cluster were 
reported for one time period. 


Dafinition of axposura 

Accurate classification of subjects by exposure to 
NOj was a major priority of this project. During the 
study, exposure definition was improved beyond the 
anticipated dichotomy, so that children, who were 
initially identified as exposed or unexposed as a 
function of living in a home with a kerosene space 
beater or not, were classified according to measured 
NOj levels. Since measurements were taken for only 
one two-week period, NO, levels were estimated for 
all other periods based on hours of use multiplied by 
the level of N0 2 estimated during burning. These 
estimates were not significantly different from the 
measured N0 2 levels which were determined to be 
the least biased indicator of household exposure to 
NO, and thus were chosen as the most refined expo¬ 
sure variable. 

Personal exposure estimates indicated a 94% cor¬ 
relation (p <0.01) between monitors worn by a sub¬ 
sample of 23 adult subjects and the average estimate 
of the three monitored rooms in the household during 
the same time period. No higher correlation has ap¬ 
peared in the literature, and, in fact, Remijn (1985) 
reported that the household average N0 2 measure¬ 
ment is an excellent proxy for personal exposures. 
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Data analysis 

Data were edited for consistency, codedt and qual¬ 
ity control measures undertaken as the data were 
entered. Unconditional logistic regression analyses 
were performed to determine the magnitude and sta¬ 
tistical significance of each factor controlling for all 
other variables in the model. With the exception 
of age, all the independent variables were contin¬ 
uous. Age was treated as dichotomous—younger than 
seven years and seven years and older. It should be 
emphasized that this type of analysis allows only a 
general comparison of variables and is highly depen¬ 
dent on the choice of cutpoint. Adjusted odds ratios 
were calculated using the LOGIST procedure of the 
Statistical Analysis System (Harrell 1983). Similar 
techniques were also used to assess effect modifica¬ 
tion and statistical interaction. 

RESULTS 

Demographic characteristics 

Comparisons were made among the 113 monitored 
children as well as the 8 who were not monitored. 
They were very similar. The mean age of the children 
was 6.7 years, and 82% were away from home ap¬ 
proximately 6 hours per day in school or daycare. The 
average household size was 4.2, the average socio¬ 
economic status was moderate (Hollingshead 4-fac¬ 


tor index)—42.5, and all children were Caucasian. 
There were approximately equal numbers of boys and 
girls in each group. 

Measured household exposures to NOt 

Table 1 shows the measured N0 2 levels by each 
major category of N0 2 source: Kerosene Heater, 
Gas Stove, Gas Stove plus Kerosene Heater, and No 
Source. 

Health effects; Lower respiratory symptoms 

To assess the effect of N0 2 levels on the presence 
or absence of lower respiratory symptoms, while si¬ 
multaneously controlling for effect modifiers and 
potential confounders, multiple logistic regression 
was carried out for the binary dependent variable, 
presence or absence of lower respiratory symp¬ 
toms. Independent variables were included that had 
statistically significant relationships with respiratory 
symptoms in this study (SES, history of respiratory 
illness), and those which were cited in other studies 
as being important (household size, age, number of 
cigarettes smoked in the house per day, and exposure 
to N0 2 ). 

Children under the age of 7 who were exposed to 
30 ng/m 3 NOj had an odds for being reported as 
having lower respiratory symptoms 2.25 (95% C.I. 
1.69-4.79) times those of unexposed children the 


TabU 1. Measured NO* values (>ig/m3) in homes of monitored children (n*ll3) by source presence, 
Yale Health and Heating Study, New Haven, CT. area, winter 1913. 


mm 



Kerosene 

Heater + 

Gas Stove 

n*6 

Kerosene 

Heater 

Only 

n-49 

Gas 

Stove 

Only 

n-13 

No 

Source 

n»4 

Kitchen 

89.50 

41.07 

40.92 

6.40 

Living Room 

76.00 

43.40 

24.85 

6.23 

Bedroom 

104.75 

38.33 

28.54 

5.19 

House Average 

90.08 

40.93 

31.43 

5.94 


ro 

© 

N 

CO 

CA 

© 

CO 
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Ttble 2. Aiiodiiion between meuurtd NO, icveli and reported lower respiratory symptoms, 
by multiple logistic regression analysis, in 113 monitored children in the Yale Health and Heal¬ 
ing study. New Haven, CT, area, winter 1913. 


Variable 

Odds ratio 

95Z Cl 


1.05 

0.91-1.21 

SES** 

2.35 

1.14-4.85 

History of 



Respiratory Illness 

1.29 

1.03-1.62 

Age < 7 *30 ug/m 3 N0 2 

2.25 

1.69-4.79 

Age ">7*30 yg/m^ N0 2 

0.84 

0.59-1.42 


•Hosmer goodness-of-fit: x J * 6.41, 6 d.f., p«0.38. 
**20 units on the Hollingshead scale. 


same age when the effects of a history of respiratory 
illness and SES we-e controlled (Table 2). 

N0 2 exposure appeared to have no effect on re¬ 
ported lower respiratory symptoms in children aged 
seven or older. A history of respiratory illness and 
socioeconomic status contributed significantly and 
independently to the risk for reported lower respira¬ 
tory symptoms. Children of higher socioeconomic 
status (20 units on the Hollingshead scale) were 2.4 
times as likely as children of lower SES to be 
reported as having lower respiratory symptoms. A 
history of respiratory illnesses made the odds of 
reporting lower respiratory symptoms 1.3 times as 
likely in all the children. Exposure to environmental 
tobacco smoke was not significantly associated with 
reported symptoms in either age group. 


DISCUSSION 

In this study the ability to measure acute effecu at 
the same time as exposure seems to have allowed for 
more precise estimates of the associated health ef¬ 
fects—in terms or lower respiratory symptoms, the 
range of the susceptible group (less than seven years 
old), and other potentially important risk factors. 
Since the previous literature has shown Inconsistent 
results. It seems that the effect of NO, Is likely to be 
limited In many regards. It Is plausible that there is 
a real biological effect, based on animal data and the 
trend toward seeing an effect in younger ages. Many 


studies have reported that SES plays a significant 
role as does a history of previous respiratory illness 
(see e.g., Monto and Ullman 1974). 

A major strength of this study was that misclassi- 
fication of exposure was limited, though not entirely, 
by the individual household measurement of N0 2 
levels during one two-week period. If this study used 
dichotomous source classification (i.e., presence or 
absence of an unvented combustion source), as most 
research has been constrained to do, the association 
between lower respiratory symptoms and exposure would 
have been only marginally significant (p»0.08). Thus, 
the qualitative nature of previous data may have 
obscured the ability to define association between 
NOj and respiratory effects. 

A limitation to the findings from this study is the 
currently unknown bias inherent in maternal reports 
of symptoms. However, we found no association be¬ 
tween a mother’s initial report of her child's propen¬ 
sity to illness assessed at baseline and subsequent 
reports of symptoms throughout the study. 

CONCLUSION 

The study has demonstrated a statistically signifi¬ 
cant association between N0 2 concentrations and the 
incidence of two or more lower respiratory symptoms 
in children under seven years of age. No such asso¬ 
ciation was seen in older children. A history of pre¬ 
vious respiratory illness and socioeconomic sutus 
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were significantly and independently associated with 
reported illness. This research has important impli¬ 
cations for the present and possibly future health of 
young children exposed to N0 2 from any unvented 
combustion. The conclusions, however, are limited 
to this population and must be replicated, possibly 
with a population exposed to higher levels of N0 2 , 
before they can be relied on as a basis for further 
action. 
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unexposed children were not enrolled in any regular child care 
with unrelated children and did not have siblings younger than 5 
years of age receiving regular care with unrelated children. 
Although an increased risk of respiratory illness was associated 
with attending day care for children in all three age groups, this 
risk was statistically significant only for children 6 weeks through 
17 months of age (odds ratio = 1.6; 95% confidence interval = 1.1 
to 2.4) and children 18 through 35 months of age who had no older 
siblings (odds ratio = 3.4; 95% confidence interval = 2.0 to 6.0). 
In contrast, day-care attendance was not associated with an 
increased risk of respiratory illness in children 18 through 35 
months of age with older siblings (odds ratio = 1.0). For children 
aged 6 weeks through 17 months, the exposure to older siblings was 
associated with an increased risk of respiratory illness; however, 
for children aged 36 through 59 months, older siblings were 
protective against respiratory illness. In addition, for the 
children in each age group currently in day care, increased duration 
of past exposure to day care was associated with a decreased risk 
of respiratory illness. It is estimated that during the period of 
the study approximately 10% of respiratory illnesses in the United 
States in children younger than 5 years of age were attributable 
to day-care attendance. 
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ABSTRACT. The risk of respiratory and other illnesses 
in children (age groups: 6 weeks through 17 months, 18 
through 35 months, and 36 through 59 months) in various 
types of dav-care facilities was studied. Children consid¬ 
ered exposed to day care were those who were enrolled in 
day care with at least one unrelated child for at least 10 
hours per week in each of the 4 weeks before the inter¬ 
view; unexposed children were not enrolled in any regular 
child care with unrelated children and did not have 
siblings younger than 5 years of age receiving regular care 
with unrelated children. Although an increased risk of 
respiratory illness was associated with attending day care 
for children in all three age groups, this risk was statis¬ 
tically significant only for children 6 weeks through 17 
months of age (odds ratio = 1.6; 955c confidence interval 
= 1.1 to 2.4) and children 18 through 35 months of age 
who had no older siblings (odds ratio = 3.4; 95% confi¬ 
dence interval = 2.0 to 6.0) In contrast, day-care attend- ■ 
ance was not associated with an increased risk of respi¬ 
ratory illness in children 18 through^?months of age 
with' olde&siblings (odds ratio * l.OfeTor children aged 
6 weeks through 17 months, the exposure to older siblings 
was associated with an increased risk of respiratory ill¬ 
ness; however, for children aged 36 through 59 months, 
older siblings were protective against respiratory illness. 
In addition, for the children in each age group currently 
in day care, increased duration of past exposure to day 
care was associated with a decreased risk of respiratory 
illness. It is estimated that during the period of the study 
approximately 10% of respiratory illnesses in the United 
States in children younger than 5 years of age were 
attributable to day-care attendance. Pediatrics 1991; 
87:62-69; dav-care facilities, respiratory illness. 
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ABBREVIATIONS. ARE, attributable risk in the exposed; PAR, 
population attributable risk; Cl, confidence interval; 


In recent years, interest has been growing in the 
possible health-related risks that result from the 
increasing use of day-care facilities in the United 
States. Among the illnesses of concern are infec¬ 
tions of the upper respiratory tract, the most com¬ 
mon cause of illness in children attending day-care 
facilities, as well as diarrheal illnesses, hepatitis, 
and Haemophilus influenzae infections. Infections 
of the upper respiratory tract, although typically 
mild; are of increasing interest because of their 
possible association with otitis media and associ¬ 
ated complications. 1 * 2 We conducted a study to as¬ 
sess the risk of respiratory' and other illness related 
to attending various types of day-care facilities. 
This study provided the opportunity to assess the 
risk of respiratory illness in children of various ages 
attending day-care facilities and to assess previ¬ 
ously suggested characteristics of day-care exposure 
and their potential role in the risk of day-care- 
associated respiratory illnesses. 

METHODS 

The stridy was designed to compare the rates of 
respiratory’ and other illnesses in exposed vs unex- 
posed cohorts of children in each of three age 
groups: 6 weeks through 17 months (group 1), 18 
through *35 months (group 2), and 36 through 59 
months (group 3). Exposed children were defined 
as having child care with at least one unrelated 
child for at least 10 hours per week in each of the 
4 weeks before interview. A child was considered 
unexposed if neither the child nor any siblings 
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younger than 5 years of age had any regular child 
care with unrelated children during this interval 
The study was designed to enrol! at least 262 ex¬ 
posed and 262 unexposed children from each age 
group. 

Children in the study cohorts were selected 
through a nationwide telephone survey that incor¬ 
porated a random digit-dialing, cluster-sampling 
technique. A preliminary screener determined the 
age and exposure status of any children younger 
than 5 years of age in the household. The parents 
of all 1 exposed children and a random sample of 
unexposed children (who were relatively more prev¬ 
alent than exposed children) were subsequently 
administered an in-depth questionnaire which 
sought information including the occurrence of any 
respiratory or diarrheal illnesses and associated 
symptoms in children in the previous 2 weeks, 
exposure (both in and outside the home) to other 
children, immunization histories, and current and 
past child-care arrangements. 

All interviews were conducted between March 12 
and June 17, 1987. More than 35 000 households 
were called; 28 500 (81%) agreed to participate by 
completing the screening and when selected, the in- 
depth questionnaire. Of the participating house¬ 
holds, 10% (2853) had children younger than 5 
years of age. Of the 3475 children identified in these 
households, 29% could be classified as exposed, 60% 
as unexposed, and 11% did not meet the study 
definition of exposed or un ex posed. 

Analyses 

Primary analyses in this study focused on com¬ 
paring the risk of respiratory illness among exposed 
and unexposed cohorts within 2 weeks before the 
interview'; analyses were conducted separately for 
each age group. Although multiple children from 
the same household were enrolled in this study, one 
child at most (the youngest) from a given household 
was included in the analysis of each age group. This 
ensured that all the observations within each age 
group were independent; hence, standard statistical 
techniques could be used in each separate analysis. 
Comparisons of risk between age groups were con¬ 
ducted restricting the analysis to children without 
siblings. 

To control for the effect of possible confounders 
and to identify potential interaction effects, we 
used multiple logistic regression analysis. Logistic 
models were developed as follows. For each age 
group* factors previously reported or suspected of 
being risk factors for childhood illnesses were 
screened by using Mantel-Haenszel statistics (see 
Table 1). The factors identified as potential con- 


TABLE t. Variables Considered for Multivariate 
Models 

Region of count ry 
Race (white, nonwhite)* 

Income (<$20 000)* 

Mother’s education (<high school) 

Crowding (1 or more persons per room) 

Work in day care or babysitting 
Smoking at home by family members* 

Siblings in household* 

Current breast-feeding (age group 1 only)* 

Month of interview* 

* Core variables selected for inclusion in model. (The 
variables without asterisks were not included in the model 
because eliminating them changed the exposure odds 
ratio by less than 5%.) 

founders or interaction variables in any age group 
were selected as core variables, which were used in 
the logistic models for each of the three age groups. 
The variable “current breast-feeding” was used only 
in the youngest age group. 

Logistic regression analyses were completed sep¬ 
arately for each age group. The baseline logistic 
model included exposure, age, and the core variables 
as main effects. Two-way interaction terms involv¬ 
ing exposure were then added to the baseline model 
stepwise (P value to enter, .05) Finally, the vari¬ 
ables not involved in significant interactions were 
dropped from the model if their absence changed 
the exposure odds ratio by less than 5%. 

We also examined the following three character¬ 
istics of day-care exposure to assess their associa¬ 
tion with respiratory illness: number of other chil¬ 
dren in the day-care setting, number of hours per 
week currently in day care, and length of time 
previously in day care. To simplify the analysis of 
these factors, we eliminated from the exposed group 
the children who were currently attending more 
than one day-care facility or who had switched day¬ 
care facilities. Multivariate logistic models incor¬ 
porating these additional variables were developed 
from the final exposure models already described. 

To take into account the complex survey design* 
we used RtiLogit, a program that incorporates the 
design effect into the variance estimates of the 
logistic parameters, to run the final logistic models. 

Illness in Families 

The rates of respiratory illness in the families of 
exp 9 sed children and the families of unexposed 
children were also examined. Families were classi¬ 
fied as exposed if a child (in any age group) attended 
day care; they were classified as unexposed if their 
children did not attend day care. Again* multivar¬ 
iate models were developed* as described earlier. 
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TABLE 2. Demographic Characteristics of Children Exposed (Exp) and Children Unex- 
posed (Uhexp) to Day Care by Age Group 


Characteristic 



Age Group 




6 wk- 

■17 mo 

18-35 mo 

36-59 mo 


Exp 

(n = 192) 

Unexp 
(n = 351) 

Exp 

(n = 302) 

Unexp 
<n = 383) 

Exp 

(n = 463) 

Unexp 
(h = 446) 

Mean age, mo 

11.0 

9.0 

27.0 

26.8 

48.4 

47.1 

Race/ethnicity, % 

White 

77.2 

74.6 

82.2 

76.5 

72.3 

73.3 

Black 

7.8 

8.3 

9.6 

9.1 

14.6 

9.0 

Hispanic 

6.2 

11.7 

2.6 

7.6 

6.0 

9.9 

Other/unknown 

8.8 

5.4 

5.6 

6.8 

7.1 

7.8 

Maternal education, % 

<High school 

6.4 

14.6 

7.1 

13.7 

6.7 

10.9 

High school 

42.3 

43.9 

40.2 

43.3 

39.2 

52.4 

Some college 

24.3 

24.5 

26.0 

22.5 

26.2 

21.4 

College degree 

27.0 

17.0 

26.7 

20.5 

28.0 

15.3 

Income (in thousands), % 

<$20 

24.4 

34.8 

23.1 

32.1 

23.2 

35.7 

$20-35 

32.6 

33.6 

33.3 

36.6 

30.1 

34.8 

>$35 

38.9 

25.6 

38.6 

26.1 

40.6 

22.4 

Unknown 

4.2 

6j0 

5.0 

5.2 

6.0 

7,2 

Region, % 

Northeast 

16.6 

25.9 

19.8 

26.9 

19.6 

19.5 

South 

37.8 

23.1 

34.0 

25.9 

36.8 

24.9 

North Central 

25.9 

28,5 

26:1 

25.3 

26.2 

30.5 

West 

19.7 

22.5 

20.1 

21.9 

17.4 

25.1 

Siblings <18, % 

None 

39.6 

27.9 

40.7 

23.0 

25.9 

13.5 

Older 

60.4 

72.1 

52.0 

64.5 

55.3 

64.3 

Younger only 

0 

0 

7.3 

12.5 

18.8 

22.2 


Attributable Risk 

The attributable risk in the exposed (ARE) esti¬ 
mates the percentage of cases of illness in exposed 
children that is attributable to the exposure (day 
care); the population attributable risk (PAR) meas¬ 
ures the percentage of the total cases of illness in 
exposed children and unexposed children that is 
attributable to the exposure. 

For each age group the ARE and the PAR were 
calculated by using the following formulas: 

ARE = (I E - Iu)/Ie 

par - p e u e - y/i 

where I is the 2-week age-specific incidence of res¬ 
piratory illness in the total population and P E is 
the proportion of the total population exposed to 
day care. Because this study excluded children ex¬ 
posed 1 to 10 hours per week, we assumed in esti¬ 
mating I that the incidence in this group was similar 
to the incidence in the unexposed group. I E repre¬ 
sents the estimated incidence of respiratory illness 
in the exposed population; Iu is the estimated in¬ 
cidence in a demographically similar unexposed 
population (ie, adjusted for income, race, and pres¬ 
ence of siblings). Logistic regression models were 
used to calculate these incidence rates. 


Selected Infectious Diseases in Past Year 

Included in the questionnaire were questions 
about the occurrence in the past year of overnight 
hospitalizations and 15 specific infectious diseases. 
Because the exposures and the ages of subject s were 
different, these analyses were done on a person- 
year basis. Rates were standardized for region* in¬ 
come, and presence of siblings. Statistical signifi¬ 
cance was assessed by using the method of Breslbw 
and Day to compare standardized mortality ratios. 

RESULTS 

Demographic Characteristics 

Comparing the demographic characteristics of 
the exposed and the unexposed cohorts in each age 
group revealed that the unexposed tended to have 
lower levels of maternal education and household 
income and were more likely to be of Hispanic 
ancestry* (Table 2). Unexposed children were also 
more likely to have siblings than were exposed 
children and less likely to live in the South. These 
and other differences between exposed and unex¬ 
posed cohorts were considered and, where appro¬ 
priate, adjusted for in subsequent multiple logistic 
analyses. 
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Characteristics of Day-care Exposure 

Table 3 displays various characteristics of day¬ 
care exposure. As required by the definition of day¬ 
care exposure, all children were enrolled for at least 
10 hours per week. Approximately 50% of children 
in each i age group were in day care for 40 or more 
hours per week (mean time in each age group: 35, 
34, and 33 hours per week, respectively). Prior time 
in day care increased as age increased; almost half 
(47%) of the children in group 3 had been enrolled 
in day care for at least 18 months. The percentage 
of exposed children in small child-care arrange¬ 
ments (6 or fewer children) decreased with age, 
ranging from 70% of children in group 1 to only 
31% of children in group 3. 

Antecedent Illnesses and Events 

During the 2 weeks before the interview, the 
children in all three age groups exposed to day care 
were more likely to have had a respiratory illness 
than those not exposed to day care. Furthermore, 
in each group of children with a respiratory illness, 
a higher percentage of exposed than unexposed 
children reported two or more respiratory symp¬ 
toms (ie, cough, fever, runny nose, sore throat, 
earache), received antibiotics, and consulted or vis^ 
ited a health care provider (Table 4). 

Multiple logistic regression analyses demon¬ 
strated that the overall odds ratio for respiratory 
illness associated with day-care exposure was 1.6 
(95% confidence interval [Cl], 1.1 to 2.4) for chil¬ 
dren in group li and 1.3 (95% Cl, 0.95 to 1.8) for 
children in group 3 (Table 5). Among those in group 
2, the presence of siblings significantly reduced the 
odds ratio for day-care exposure. Further analysis 
in this age group of the effect of siblings demon¬ 
strated that the day-care odds ratio for children 

TABLE 3. Characteristics of Dav-care Exposure* 


Characteristic 

Age Group 


6wk-17mo 18-35 mo 36-59 mo 


Size of day-care 
facility 


2-6 

133 (70) 

167 (56) 

141 (31) 

7+ 

58 (30) 

133 (44) 

317 (69) 

Prior time in day 
care 

<9 mo 

116(67) 

94 (32) 

154 (34) 

9-18 mo 

57 (33) 

84 (29) 

86(19) 

18-27 mo 


88(30) 

88(19) 

>27 mo 

Hours/wk in day 


27(9) 

128 (28) 

care 

>10-19 

29(15) 

38 (13) 

109 (24) 

20-39 

60 (32) 

115 (38) 

141 (31) 

>40 

101 (53) 

148 (49) 

207 (45) 


* Results are given as number (%) of children. 


with younger siblings only was similar to that for 
children with no siblings and that the aggregate 
odds ratio for these children was significantly ele¬ 
vated (3.4,95% Cl, 2.0 to 6.0). In contrast, the odds 
ratio for children with older siblings was signifi¬ 
cantly lower than above and not significantly dif¬ 
ferent from 1. In the other age groups the odds ratio 
was not significantly affected by the presence of 
siblings. 

Multiple logistic analysis concerning children 
without siblings (thereby allowing direct compari¬ 
sons of age groups) demonstrated day-care odds 
ratios of 1.8, 3.7, and 1.5 for age groups 1, 2, and 3, 
respectively. The odds ratio for children in group 2 
was 2.0-fold higher (95% Cl, 0.74 to 5.4) than that 
for children in group 1 and 2.4-fold higher (95% Cl, 
0.93 to 6.4) than that for children in group 3. 

To further assess the possible independent risk 
of respiratory illness due to exposure to older sib¬ 
lings, we also calculated odds ratios of respiratory 
illness associated with other siblings (Table 5). In 
group 1, the odds ratio (1.7) was significantly ele¬ 
vated. In group 3, the odds ratio was significantly 
below' 1, suggesting that in this age group the risk 
of respiratory’ illness was lower in children with 
older siblings than in those without In both these 
groups, no interaction with day-care exposure was 
observed. For children in group 2, the older-sibling 
odds ratio was affected by day-care status. For those 
not in day care, the odds ratio for older siblings w*as 
significantly elevated; how ever, among those in day 
care the odds ratio was less than 1. 

Characteristics of Day-care Exposure Related to 
the Risk of Illness 

Using exposure to a single day-care facility, we 
included 87%, 80%, and 72% of exposed children in 
age groups 1, 2, and 3, respectively, in the analysis. 
For each age group, the odds ratio of respiratory 
illness associated w'ith current day-care exposure 
did not differ significantly between part-time (<40 
hours/week) and full-time care. 

For each age group the Figure displays how the 
duration of past day-care exposure influences the 
oddfe ratio of respifatory illness associated with 
current day-care exposure. Within each age group, 
the protective effect of longer enrollment in day 
care was statistically significant. In group 1 the 
odds ratio of respiratory illness for those exposed 
less Xhan 9 months was 2.3 times as great as the 
odds ratio for those exposed greater than 9 months. 
Similarly, for those in age groups 2 and 3, exposure 
to day care for less than 9 months was associated 
with a 2.1- and 2.2-fold-greater odds ratio, respec¬ 
tively, than was exposure for 18 to 27 months. As 
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TABLE 4. Illness and Events Within 2 Weeks Before Interview: Children Exposed (Exp) 
and Childre n Uhexposed (Unexp) to Day Care, by Age Group* _ 

IUness/Event Age Group 


see 

ob' 

ch: 


6wk-l7 mo 1ft-35 mo 36-59 mo 



Exp 

Unexp 

Exp 

Unexp 

Exp 

Uhexp 

Respiratory illness 

All Children 
34.2 

26.5 

37.6 

29.5 

25.8 

21.5 

£2 symptoms 

Children With Respiratory Illness 
78.8 73.1 80 j7 

70.8 

82.5 

71.9 

Symptoms for >2 davs 

98.3 

100.0 

95.2 

92.6 

96.4 

92.9 

Consulted/visited health care provider 66.1 

60.4 

49.5 

43.4 

55.3 

39.1 

Received antibiotics 

40.7 

31.1 

29.9 

25.0 

35.0 

19.8 


• Results are percentages. 
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TABLE 5. Odds Ratios, by Age Group, for Respiratory Illness Associated With Day-care 
Exposure and With Having an Older Sibling* __ 


OR 


Age Group 



6 wk-17 mo 

18-35 mo 

36-59 mo 

Daycare OR (95% Cl) 

Older sibs 

No older sibs 

Aggregate* 

1.6 (1.1-2.4) 

1.0(0.65-1.6) 

3.4 (2.0-6.0) 

1.3 (0.95-1.8) 

Older sibling OR (95% Cl) 

Day care 

No day care 

Aggregate* 

1.7 (1.1-2.6) 

0.62 (0.38-1.0) 
2.1 (1.2-3.7) 

0.60 (0.41-0.88) 


* OR, odds ratio; Cl, confidence interval. 

t Aggregate odds ratio used when no significant interaction observed. 
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Figure. Odds ratios of respiratory illness associated with day-care exposure by duration 
of past exposure and age group. 
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seen in the Figure, odds ratios well below 1 were 
observed in several situations. The odds ratio for 
children in group 3 who had been in day care for 
more than 27 months was 0.58 (95% Cl, 0.23 to 
1.1); the odds ratio for children in group 2 who had 
K en in day care for more than 18 months and who 
had older siblings was 0.56 (95% Cl, 0.22 to 1.03). 

In each age group the odds ratio associated with 
larger (more than six children) vs smaller day-care 
facilities was elevated. This effect was greatest, and 
statistically significant, in group 2 (odds ratio = 
2.2; 95% Cl, 1.2 to 3.7), The odds ratios for large vs 
small! centers were 1.6 and 1.4, respectively, for 
"roups 1 and 3. 


Illness in Family Members 

Respiratory illness in family members 5 years of 
age or older was highly correlated with the occur¬ 
rence of respiratory illness in family members 
younger than 5 years of age in exposed and in 
unexposed families. Thirty-one percent (72/230) of 
exposed families with ill children younger than 5 
' ears of age also reported a respiratory illness in a 
lamily 5 years of age or older compared with 12% 
(73/608) of exposed families with no ill children 
younger than 5 years of age; the comparable per¬ 
centages for unexposed families were 36% (71/199) 
and 12% (90/744). Thirty-eight exposed families 
(4.5%), compared with 34 (3.6%) unexposed fami¬ 
lies, reported a respiratory illness in a family mem¬ 
ber 5 years of age or older that was preceded in the 
2 weeks before interview by the onset of a respira* 
:ory illness in a family member younger than 5 
years of age. 

The results of the logistic model demonstrated 
that families that reported a respiratory illness in 
a member 5 years of age or older were 1.18 times as 
likely to have children in day care as were the 
families that reported no illness in a member 5 
years of age or older (95% Cl, 0.93 to 1.50). 

Attributable Risk 

The ARE for respiratory illness was higher for 
groups 1 and 2 (28% and 33%) than for group 3 
(18%). The PARs for the three age groups were 
7.1%, 11.7%, and 7.7%, respectively. The similarity 
of the PARs in groups 1 and 3, despite the difference 
in AREs, reflects that a higher proportion of chil¬ 
dren in group 3 than in group 1 were exposed to 
dhy care. 

Infectious Illnesses in the Past Year 

We compared the incidence rates of certain in¬ 
fectious illnesses in the year preceding the interview 


by age and exposure status (Table 6). In each age 
group, the exposed incidence rate for chickenpox 
exceeded the unexposed rate; this difference was 
statistically significant for groups 1 and 3. No sig¬ 
nificant differences were observed in the incidence 
rates of selected other diseases listed in the table 
nor for respiratory-tract-related hospitalizations. 

Because chicken pox was the only disease with 
enough cases for subset analyses, we used it to 
examine the effect of older siblings and the size of 
the day-care facility, two factors that are important 
for day-care-associated respiratory illness. Similar 
trends were observed. In groups 1 and 3 relative 
risks of more than 2 for day-care exposure were 
observed for the children with and children without 
older siblings. In group 2, however, only those with¬ 
out older siblings had an elevated relative risk (2.3); 
those with older siblings had a relative risk of 1.0. 
In addition, in each group, the risk for large centers 
exceeded that for small centers; relative risks of 1.6, 
1.5, and 1.4 were observed for groups 1 through 3, 
respectively. 

DISCUSSION 

The results of this nationwide study are consist¬ 
ent with observations from a number of studies 
conducted in smaller populations using a variety of 
methods, which suggest that day-care attendance is 
associated with an increased risk of respiratory* 
illnesses in preschool-aged children. 3 ' 7 In addition. 


TABLE 6. Incidence Rates per 100 Child Years of Re¬ 
ported Infectious Illnesses in Past Year, by Age Group 
and Day-care Exposure* 

Disease Age Group 


18-35 mo 36-59 mo 


_ Exp Unexp Exp Unexp Exp Unexp 

Chickenpox 9 5[| 3.5 11.2 8.2 19.5 8.3 

Diarrhea lasting >1 5.8 4.4 4.0 5.4 0.8 1.7 

wk 

Vaccine-preventable 0.5 0.8 1.1 0.7 0.7 0.3 

diseasest 

Other diseases^ 3.1 1.5 3.4 1.7 4.9 4.2 

Respiratory-related \o 3.1 2.1 2.0 0.3 0.0 

hospitalizations § 

*Exp, children exposed to day care; Unexp, children 
unexposed to day care. 

t Includes measles, mumps, rubella, diphtheria, and per¬ 
tussis (no cases of mumps or diphtheria reported), 
t Includes mononucleosis, scarlet fever* scabies, lice, hep¬ 
atitis, meningitis, giardiasis, and Haemophilus influenzae 
(no cases of hepatitis or meningitis reported). 

§ Includes pneumonia, influenza, bronchitis, asthma, and 
respiratory condition (unspecified). 

|| Significant difference between exposed and unexposed 
rate. 
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this study allowed examination of a number of 
issues, including the effect of prolonged exposure 
to day care and to older siblings, which had not 
been assessed in earlier studies. This study illus¬ 
trates the complexity of this day-care-associated 
risk and the fact that a number of factors, including 
age of the child, presence of older siblings in the 
home, duration of prior daycare, exposure, and size 
of the day-care facility may affect the risk of such 
illnesses. 

The risk of respiratory illness associated with 
day-care attendance increased for children in all 
three age groups, although it was statistically sig¬ 
nificant only for (all) children in the youngest age 
group and children without older siblings in the 18- 
through 35-month age group. The highest risk was 
observed in this latter group (odds ratio = 3.4). The 
risk of respiratory illness in children aged 18 
through 35 months with older siblings was not 
affected by day-care attendance; however, these 
children did have an excess risk of respirator}’ ill¬ 
ness when compared with children who had neither 
older siblings nor day-care exposure. This group 
may have no day-care-related risk of respiratory 
illness because older siblings and day care pose 
similar and competing risks in this age group. 

Although authors have speculated about differing 
day-care-related risks among children of different 
ages, earlier studies have not examined the risk of 
respirator}’ illness among children of different ages, 
and many have not included children older than 36 
months of age. 

Infants and toddlers in day care have also been 
shown to have increased risks of other illnesses, 
particularly diarrhea. 8 Inasmuch as many of the 
modes of transmission of agents commonly respon¬ 
sible for diarrheal and respiratory illnesses are be¬ 
lieved to be similar—including child-to-child con¬ 
tact and fomites or shared objects, which are fre¬ 
quently mouthed by infants and toddlers—the 
increased risk of both types of illness is not unex¬ 
pected. The higher d^y-care-associated rate of res¬ 
pirator}' illness in children aged 18 through 35 
months compared with younger and older children 
may be related to an increased frequency of such 
practices in this age group. Additionally, the lower 
day-care-associated risk (and absolute rates) of res¬ 
piratory illness in children aged 36 through 59 
months may be related to the acquisition of relative 
immunity to common respirator}* agents. Although 
this study was not designed to assess all possible 
differences among children of different ages, it does 
illustrate the importance of considering age when 
examining day-care-related risk of respiratory ill¬ 
ness. 

Although there has been considerable speculation 
about the impact of early and long-term enrollment 


in day care on the risk of various illnesses, espe¬ 
cially respirator}’ illnesses, this is the first study to 
assess this factor using large cohorts of children 
who have been in day care for different lengths of 
time. Our results suggest that among children at¬ 
tending a single facility (87%, 80%, and 72% in age 
groups 1, 2, and 3, respectively), longer exposure 
was associated with a decreased risk of respiratory 
illness. This seemed to be true regardless of the size 
of the facility and was apparent in each age group. 
Among children aged 36 through 59 months, those 
who had been in day care for 27 or more months 
had a lower risk than those unexposed to day care 
(odds ratio = 0.5), suggesting that prolonged expo¬ 
sure to day care may lead to a reduced risk of 
respiratory illness among older preschool children. 
It is possible that this reduced risk of respirator}’ 
illness extends into the school-aged years and re¬ 
sults in decreased absenteeism during this period. 
On the other hand^ the increased rate of respirator}’ 
infections during the earlier years may be related 
to an increased risk of otitis media and associ¬ 
ated complications, an issue our study did not 
address. 9 " 11 

This study suggests that the presence of older 
siblings in the home, as well as day-care attendance, 
has an important, and perhaps similar, impact on 
the risk of respiratory illness in children younger 
than 5 years of age. Among children aged 6 weeks 
through 17 months, the odds ratios associated with 
older siblings and with day care were similarly 
elevatedi Among those 18 through 35 months of 
age, the odds ratio associated with older siblings 
among those not in day care was elevated but of 
smaller magnitude than the odds ratio for day care 
among those without older siblings. However, 
among children 36 through 59 months of age, the 
odds ratio associated w’ith older siblings was less 
than 1 (odds ratio = 0.54, P < .05), suggesting a 
protective effect. Thus, prolonged exposure to older 
siblings seemed to reduce the risk of respiratory 
illness. 

Although risk of respiratory illness increased in 
association with day care, the size of the day-care 
facility significantly affected this risk only among 
those children 18 through 35 months of age; attend¬ 
ance at a larger facility (more than six children) 
was associated with a significantly increased risk of 
respirator}’ illness when compared with smaller fa¬ 
cilities (two to six children, odds ratio = 2.2). Al¬ 
though there is considerable evidence that larger 
day-care facilities are associated with an increased 
risk of certain illnesses, including diarrhea and 
disease caused by H influenzae?' 12 studies concern¬ 
ing the importance of the size of the facility have 
been less conclusive and have not attempted to 
evaluate this risk among children of different ages. 
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Wald et al recently reported that children younger 
than 18 months of age in smaller day-care facilities 
(two to six children) had an intermediate risk of 
respiratory illness between home care and larger 
day-care facilities; in our study, however, the dif¬ 
ference between small and larger settings was not 
statistically significant for children younger than 
18 months of age. 4 Strangert, too, found no evidence 
that increasing the number of contacts to more 
than four to six children increased the risk of res¬ 
piratory disease among children younger than 2 
years of age. 5 

Although we observed no differences in the risk 
of a number of illnesses, including lower respiratory 
tract illness, meningitis, and measles, we had too 
:ew cases to adequately assess possible differences 
in the risk of these illnesses with respect to day¬ 
care attendance. However, the increased risk of 
chickenpox was statistically significant for those 
attending day care. Furthermore, chickenpox was 
similar to respiratory illness in terms of the influ¬ 
ence of older siblings and the size of the day-care 
facility. 

A major distinction of this study is that the 
participants represent a cross-section of day-care 
attendees and nonattendees in the United States. 
However, a number of limitations should be consid¬ 
ered in assessing the results. The study primarily 
focused on illnesses occurring in the 2 weeks before 
the telephone interviews, which were conducted 
from March 17th through June 12th, rather than 
during the peak period of respiratory illnesses (win¬ 
ter months of December through March). Caution 
should be used in extrapolating these results to 
ther seasons of the year. 

Additional concerns include the possibility that 
the parents of children attending day-care centers 
may be more likely to report minor symptoms as 
illnesses because of a preconception that such fa¬ 
cilities are associated with an increased risk of 
illness. However, most of the illnesses reported by 
parents involved two or more respiratory symptoms 
that lasted 2 or more days, and many involved 
ntibiotic therapy; furthermore, these indices of 
severity were reported more frequently for exposed 
children than for unexposed children. 

That this study consisted of a nationwide repre¬ 
sentative sample of children enrolled in day care 
makes the assessment of attributable risk poten¬ 
tially meaningful from a public health perspective. 
Our estimates that approximately 20% to 30% of 
respiratory illnesses among those attending day 
care can be attributed to day care and that 7% to 
12% of all respiratory illnesses in children younger 
than 5 years of age occurring in the United States 
during the study period may have resulted from 
day-care attendance are similar to those reported 


for children (all <36 months) in a study conducted 
in metropolitan Atlanta from mid-July to mid- 
September. 3 The present study also suggests that 
small, compared with larger, day-care settings, spe¬ 
cifically for children 18 through 35 months of age, 
are associated with a reduced risk of respiratory 
illness. In addition, the study also illustrates that 
one possible result of early day-care enrollment may 
be a reduced risk of respiratory illnesses among 
older preschool children. Further studies, including 
studies prospectively observing large cohorts of 
children in various types of day-care settings, would 
help determine whether a reduced rate of respira¬ 
tory illness extends into the school-aged years. 
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Respiratory Health Effects of Home Dampness and Molds 
among Canadian Children 


Robert E. Dales . 17 Harry Zwanenburg, 1 Richard Burnett, 1 and Claire A. Franklin 1 


In 1988, the authors conducted a questionnaire-based study on the health effects of 
the indoor environment in 30 Canadian communities. This paper focuses on the 
association between the respiratory health of young children and home dampness and 
molds. A total of 17.962 parents or guardians of schoolchildren received a questionnaire, 
and 14,948 (83.2%) questionnaires were returned. Children living in mobile homes, 
tents, and boats were excluded as were those with cystic fibrosis, leaving 13.495 
children included in the study group. The housing stock was distributed as follows: 
81% were one-family detached homes. 6% were one-family attached homes, and 13% 
were buildings for two or more families. Molds were reported m 32.4%, flooding in 
24.1%. and moisture in 14.1% of the homes. Prevalences of all respiratory symptoms 
were consistently higher in homes with reported molds or dampness: i.e.. adjusted 
odds ratios ranged from 1.32 (95% confidence interval s .06-1.39) for bronchitis to 1.89 
(95% confidence interval 1.58-2.26) for cough. The prevalence of home dampness or 
molds. 37 8%. indicates that it is an important public health issue. Further studies are 
required to elucidate the pathogenesis. Am J Ep/dem/o/ l 991; 134.196-203. 

environment; environmental pollution; humidity; respiratory tract diseases 


Indoor air quality is understandably an 
important health issue, since North Ameri¬ 
cans spend the majority of their time indoors 
(1). This is especially important in Canada 
where homes tend to be well insulated be¬ 
cause of the cold climate and consequently 
may have reduced fresh air exchange (2). 

Home dampness with resulting mold 
growth may occasionally cause an immedi- 


Received tor publication i August 6. 1990 ana in final 
form March 22 1991 

1 Hearth Protection Branch Health and Welfare Canada 
Ottawa Ontario Canada 

; University of Ottawa Ottawa Ontario Canada 
Reonnt reouests to Dr RoDen E Dales Toxic Air 
Pollution Health Effects Section, Hearth Protection Brancn 
Tjnney $ Pasture Ottawa Ontario K1A 0L2 Canada 
R E D is a Career Scientist with tne Ontario Ministry 
of Health 

Presented in pan at indoor Air 90 The Fifth international 
Conference on indoor Air Quality and Climate. Toronto. 
Canada July 29 to August 3 1990 

The authors thank Dr S Barnett Dr> A P Gilman L 
Lemieux. Dr J D Mdier N Qmrouette M Ratzerme and 
Dr R S ToDin 


ate hypersensitivity reaction, hypersensitiv¬ 
ity pneumonitis, or humidifier fever (3-5). 
The association between the occurrence of 
molds and dampness in the indoor environ¬ 
ment with the prevalence of nonspecific re¬ 
spiratory symptoms in young children is of 
particular interest at present (6-8): 

In a case study of “problem" houses in 
various parts of Canada, about 20 percent 
were found to have undesirably high internal 
moisture strength values. >2 kg of H;0/ 
hour (9); However, the burden of illness 
among Canadian children associated with 
living in homes with dampness or molds is 
unknown. Therefore, in 1988 we conducted 
a large questionnaire-based study of the 
health effects of the indoor environment 1 in 
Canadian homes. Questionnaires were dis¬ 
tributed to the parents of children in kinder¬ 
garten through grade two. The health effects 
of home dampness among the adult respon¬ 
dents have been reported elsewhere (10). 
This paper focuses on the association be- 
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tween the respiratory health of young chil¬ 
dren and the presence of home dampness 
and molds. 

MATERIALS AND METHODS 
Study sites 

Thirty communities were selected for the 
present study based on several criteria, in¬ 
cluding the following: similar distributions 
of children 5-8 years old and family income 
levels based on information from the 1986 
Census, no major local sources of industrial 
air pollution verified by site visits, and 
knowledge of approximate exposure levels 
to long-range transported air pollution 
(ozone and sulfates). Sets of five communi¬ 
ties with similar exposure to sulfate were 
clustered together into six regions (figure I). 
Two regions, the interior of British Colum¬ 


bia and Saskatchewan, had relatively low 
levels of estimated average annual sulfate 
(-1 jig/m'): southwestern Ontario had the 
highest levels <5.0-6 0 >ig/m v ): and the 
Muskoka area of Ontario. Quebec, and the 
maritime provinces had intermediate levels. 
The association between respiratory health 
and long-range transported air pollution will 
be reported elsewhere. 

Study population 

The target population consisted of chib 
dren in kindergarten and grades one and 
two. who were also between the ages of 5 
and 8 years old. Questionnaires, to be com¬ 
pleted by the parent or guardian most fa¬ 
miliar with the child's health, were distrib¬ 
uted via the schools during the period from 
March 15 to April 8. 1988. 



FIGURE 1. Map of Canada showing the location of the six selected regions They are the maritime provinces (1). 
Quebec (2). Muskoka area of Ontario (3). southwestern Ontario (4), Saskatchewan (5). and British Columbia (6) 
Five communities were studied withm each region. 
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People living in mobile homes or trailers, 
boats, tents, and vans were excluded from 
the present analyses, because the indoor en¬ 
vironments were considered to be poten¬ 
tially different from the common types of 
residence buildings. Children whose parents 
answered “ves" to the question. “Has a doc¬ 
tor ever said that this child had cystic fibro¬ 
sis?" were also excluded. 

The questionnaire 

Questions used in this study were taken 
or modified for our purposes from four pre¬ 
viously used instruments: the American 
Thoracic Society-Division of Lung Disease 
Respiratory Symptom Questionnaire (11). 
the Environmental Inventory Questionnaire 
(12). the questionnaire used by the Harvard 
School of Public Health for the Harvard Six 
Cities Study (13). and the questionnaire 
used by Health and Welfare Canada for a 
community-based study of children's health 
(14). 

Since no consensus existed as to which 
questions best indicated the burden of ex¬ 
posure to household molds, we. as other 
investigators have done, developed ques¬ 
tions concerning visible mold growth and 
humid (micro(environments that promote 
mold growth (15). This was done through 
extensive consultation w-ith a mycologist, 
microbiologists and toxicologist who have 
previously reported on indoor air fungi (2). 

From our composite questionnaire, the 
primary exposure variables used to indicate 
the presence of dampness and molds were 
defined as follows: mold sues, number of 
sites (basement, shower area, elsewhere in 
home) with visible mold or mildew in the 
past year: moisture, appearance of wet or 
damp spots, excluding the basement in the 
past year. Hooding, appearance of flooding, 
water damage, or leaks in the basement in 
the past year: and dampness/mold, any one 
of the above three variables being positive 
(mold sites, moisture, or flooding). 

The primary health outcomes were de¬ 
fined as follows: persistent cough, a cough 
present for 3 months of the year or more, 
apart from colds: persistent wheeze, wheez¬ 


ing apart from colds, wheezing accompanied 
by dyspnea, wheezing present most days and 
nights, or wheezing after exercise: wheeze 
with dyspnea, wheezing accompanied by 
dyspnea: current asthma, asthma currently 
present and reported to be confirmed by a 
physician: chest illness, a chest illness re¬ 
quiring the child to stay at home for 3 days 
or more: upper respiratory symptoms, nose 
irritation, runny and stuffy nose, sneezing, 
or throat irritation occurring on three or 
more separate occasions in the last 3 
months: nonrespiratory symptoms, any one 
of headaches, muscle aches, fever and chills, 
nausea, vomiting, or diarrhea occurring on 
three or more separate occasions in the last 
3 months: and eye irritation, itchy eyes ex¬ 
perienced on three or more separate occa¬ 
sions in the last 3 months. 

Information was also collected on factors 
that could influence the primary relation of 
interest. These covariables were defined as 
age. sex. race (Caucasian, other), highest 
level of education of either parent or guard¬ 
ian (completed at least some postsecondary 
education, other), number of household 
smokers (none. any), cooking fuel (gas. 
other), hobbies (presence or absence of 
woodworking. glassblowing. painting, 
other), sex of respondent, and region of res¬ 
idence. Analyses were also stratified by the 
report of a physician-confirmed allergy to 
mold (present, absent) or dust (present, ab¬ 
sent) occurring in the past year. 

To investigate a possible over- or under¬ 
reporting bias, we defined another variable 
"accidents or illnesses." which was a major 
illness or accident unrelated to the chest, 
occurring in the past year, that restricted his 
or her activity for at least 1 week. 

Statistical analysis 

First, the crude odds ratios of the associ¬ 
ations between health outcomes and home 
dampness were calculated. Odds ratios were 
tested for differences from unity by the x : 
test (PROC FREQ. SAS version 5) (16). 
Symptom prevalences were stratified by the 
presence or absence of home dampness/ 
mold both to demonstrate the proportion of 
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people affected and to help interpret the 
odds ratios that deviate more from the null 
than prevalence ratios, particularly with high 
prevalences. Multiple logistic regression, us¬ 
ing the maximum likelihood method, was 
applied to adjust for confounders and to 
improve precision. The study population 
was stratified by the presence or absence of 
mold and dust allergy to indicate whether or 
not allergic mechanisms influenced the re¬ 
lation. The data were also stratified by the 
presence or absence of “accidents or ill¬ 
nesses" to assess the influence of reporting 
bias. Differences in the odds ratios across 
strata were examined by the Breslow-Day 
test for homogeneity of odds ratios (PROC 
FREQ. SAS version 5)06). The strength of 
association among the health responses was 
tested by Kendall's tau. 

RESULTS 

A total of 17.962 parents or guardians 
received a questionnaire, and 14.948 (83.2 
percent) questionnaires were returned: Data 
on 13:495 children were available for analy¬ 
sis after excluding those who were less than 
5 or greater than 8 years of age (n = 323): 
those with cystic fibrosis i n = 17): and those 
who lived in mobile homes or trailers, tents, 
or vans In = 547). Subjects with no recorded 
age in - 475) or housing type (« = 131) 
were also excluded. Dunng the school year. 
99.6 percent of the children slept in the 
home of the respondent (parent/guardian) 
for five or more nights per week. The hous¬ 
ing stock distribution was as follows: 81 
percent were one-family detached homes. 6 
percent were one-family attached homes, 
and 13 percent were buildings for two or 
more families. The reported prevalence of 
molds was 32:4 percent, moisture was 14.1 
percent, and flooding (reported in homes 
with a basement) was 24.1 percent. 

As demonstrated in table l. children living 
in homes with reported dampness/mold had 
age. sex. race, and gas cooking distributions 
similar ( i.e.. <2 percent differences) to those 
living in homes without reported dampness/ 
mold: Parental education was greater in 
homes with reported dampness/mold. 58 


TABLE 1. Host and environmental characlenitics: 
aatactad Canadian cffMran. 5-8 years old. 1988 



Dampnessvmoic* 

cnaractenstics 

Absent 

(%V 

Present 

Crmd s age (years) 

5 

19:0 

211 

6 

32 1 

319 

7 

332 

325 

8 

15.6 

14.5 

Child s sex 

Male 

50.5 

51.7 

Female 

49.5 

483 

Child s race 

Caucasian 

964 

968 

Other 

3.6 

3.2 

Mold allergy 

Yes 

27 

49 

No 

97.3 

951 

Dust aWergy 

Yes 

51 

7.6 

NO 

94.9 

924 

Respondent:$ sex* 

Male 

17 B 

15 4 

Female 

82.2 

84.6 

Parental education* 

High school or less 

473 

41.7 

More than high school 

52.7 

583 

Household smokers* 

Any 

50.5 

55.3 

None 

49.5 

44 7 

Gas cooking 

Yes 

5.1 

5.7 

No 

949 

94.3 

Hobbies’ 

Yes 

12 4 

149 

No 

87 6 

85 1 


•p < 0 01 x : test 

t For me study group of 13.495 cf*oren v**ues tor damp- 
ness/mow were avataoe tor 12.569 oampness/mow values 
were aosent tor 7.614 ano present tor 4.755 emtoren 


percent had postsecondary school education 
compared with 53 percent in “dry " homes. 
Household smoking was also more prevalent 
in damp homes. 55 percent versus 51 per¬ 
cent. 

As shown in table 2. the reported preva¬ 
lences of lower respiratory symptoms/dis¬ 
orders (cough, wheeze, asthma, bronchitis, 
and chest illness) were approximately 50 
percent higher in damp homes. Upper re¬ 
spiratory and nonrespiratory symptoms 
were increased by 20-25 percent. 

Odds ratios for the individual symptoms 
comprising the “nonrespiratory symptoms" 
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variable ranged from 1.33 for vomiting to 
1.63 for muscle aches. Crude odds ratios for 
the associations between health indicators 
and indicators of home dampness or molds 
are presented in table 3. Cough appeared to 
be the symptom with the greatest odds ratio. 
The presence of two mold sites appeared to 
be the exposure with the greatest odds ratios. 
All health indicators were associated (p < 


TABLE 2. Prevalences of health indicators 
stratified by the presence or absence of 
dampness/mold: selected Canadian children, 5-8 
years old, 1988 



Dampness/moW T 

Health indicators 

Absent 

Present 


(%i 

(%) 

Cough 

4 4 

7.9 

Wheeze 

109 

16,2 

Wheeze with dyspnea 

53 

83 

Asthma 

4.0 

57 

Bronchitis 

9.9 

127 

Chest illness 

9.9 

14.3 

Upper respiratory symptoms 

486 

59.0 

Eye irritation 

5.6 

8.3 

Nonresptratory symptoms* 

30 j 7 

388 


• A« differences between oampness/mo*o sre significant at 
p < 0 01. \ 3 test 

t For me study group oM3A95 Ch*Jren. values for damp- 
ness/moW were available tor 12.569 oampness/mow values 
were absent tor 7.814 ar>0 present tor 4.755 children 

X Any one ot headaches. muse* acnes fever and cfvus. 
nausea vomiting, or caarmea occurring on at least three sepa¬ 
rate occasions m the last 3 months 


0.05) with all indicators of home dampness 
or molds: odds ratios ranged from 1.14 for 
flood and bronchitis to 2.26 for cough and 
two mold sites. For all of the health indica¬ 
tors. odds ratios were greater for two than 
one reported mold site, indicating a dose- 
response relation. It must be pointed out. 
however, that the consistency observed in 
the results in table 3 was simply due to 
neither high correlations among health in¬ 
dicators nor high correlations among all the 
indicators of dampness or molds. Kendall's 
tau showed weak correlations, generally less 
than 0.3. among health indicators. Excep¬ 
tions were among wheeze, wheeze with dysp¬ 
nea. and asthma, where correlations were 
approximately 0.6. 

Odds ratios were adjusted for age. sex. 
race, education of parent/guardian. gas 
cooking, number of household smokers, 
hobbies, sex of respondent and region of 
residence. Overall, adjusted odds ratios 
ranged from 1.08 for wheeze with dyspnea 
and flooding to 2.55 for the association be¬ 
tween cough and number of mold sites. The 
95 percent confidence interval for the ad¬ 
justed odds ratios included one only for the 
associations between flood and the two 
wheezing syndromes and between flood and 
asthma. Adjusted odds ratios were very sim¬ 
ilar to the crude odds ratios. The largest 


TABLE 3. Unadiusted odds ratios for tha association batwaan haalBi and homa dampnass/motd: satacted 
Canadian etiildran. 5-8 yaars old. IMS 


Dampness/moto Flood Moisture No . o< mold sites 


Health indicator 

OR" 

95% Cl* 

OR 

95 % a 

OR 

95% Cl 


Ovs 1 


O vs 2 


OR 

95% Cl 

OR 

95% Cl 

Cough 

1.89 

1.63-2.20 

138 

1.16-1.65 

1.91 

1.60-2.27 

1.61 

1.36-1.89 

2.26 

1.80-2.83 

Wheeze 

1.58 

1.42-11.76 

1.25 

1.10-1.41 

1.74 

1.53-1.98 

1.42 

1.26-1.59 

1.73 

1.45-2.06 

Wheeze with 
dyspnea 

1 61 

1 40-1.86 

1.24 

1.05-1 47 

1.68 

1 41-1.99 

1.56 

1.34-1.82 

2.00 

1.60-2.50 

Asthma 

145 

1.23-1.71, 

1.29 

1.06-1.56 

1.58 

1.29-1.94 

1.40 

1.16-1.68 

1.67 

1 27-2.19 

Bronchitis 

1.32 

1 18-1 48 

1.14 

1.00-1.31 

1.49 

1.30-1.72 

1.25 

1.10-1.42 

1.46 

1.20-1.78 

Chest illness 

1.52 

1.37-1.70 

1.50 

1.32-1.70 

1.47 

1.28-1.69 

1.54 

1.36-1:73 

1.81 

1.51-2.17 

Upper respiratory 
symptoms 

1 46 

1.36-1.57 

126 

1 16-1 38 

1.52 

1.38-1.68 

1.36 

1.25-1 47 

1.74 

1.52-2.00 

Eye irritation 

1 53 

1,33-1 76 

142 

1.21-1.66 

1.60 

1.35-1.90 

1.42 

1.21-1.65 

1.74 

1.39-2.19 

Nonresptratory 
symptoms t 

1 43 

1 33-1 55 

1.25 

1 14-1.37 

1.45 

1.31-1.60 

1.28 

1.18-1.39 

1.72 

1.50-1.96 


• OR. odds ratio 95*a Cl. 95"* confidence interval 

t Any one of neadacnes musoe acnes fever and ctvH. nausea, vomiting, or diarrhea occurring on at least three separate 
occasions m tne last 3 months 
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differences were as follows. Between eye ir¬ 
ritation and moisture, the crude and ad¬ 
justed odds ratios were 1.60 and 1.90. re¬ 
spectively: between cough and two mold 
sites, the crude and adjusted odds ratios were 
2.26 and 2.55: and between eye irritation 
and two mold sites, the crude and adjusted 
odds ratios were 1.74 and 1.52. All other 
differences were less than 0.2. 

The associations between respirators 
he. i indicators and home dampness/mold 
were slightly weaker in the presence versus 
the absence of mold or dust allergy. How¬ 
ever. differences in odds ratios between 
strata were significant at p < 0.05 only for 
wheezing, wheezing with dyspnea, and 
asthma (table 4). 

The associations between symptoms and 
dampness/mold were present within all re¬ 
gions except for British Columbia where the 
unadjusted odds ratios were i .05 for wheeze. 
0.94 for dyspnea with wheeze, and 0.64 for 
asthma. Stratification by the variable repre¬ 
senting accidents or illnesses not of the chest 
(indicating reporting bias) did not remove 
the associations shown in table 3. To ensure 
that responses to this question were not re¬ 
lated to the primary outcome variables of 
interest, we included only the following re¬ 
ported problems: poison ivy. appendicitis, 
kidney disorders, surgery, gum disorders, 
pregnancy, trauma, and pituitary tumors. 


DISCUSSION 

We found that the reported presence of 
indoor molds and dampness may cause ad¬ 
verse health effects in Canadian children. 
Consistent with a causal relation were the 
following observations. I) A dose-response 
gradient was demonstrated between the 
number of mold sites and health outcomes 
with a maximum odds ratio reaching 2.55 
for cough and the presence of two mold sites. 
2) The observed relation was independent 
of the age and sex of the child, the number 
of household smokers, the presence of gas 
stoves, and the region of residence in 
Canada. 3) Respondents were essentially 
“blinded" to the hypothesis tested. The ques¬ 
tionnaire did not focus on home dampness 
exclusively, and it is not generally known 
that home dampness and molds cause ad¬ 
verse health effects. 4) It is unlikely that 
general over- or underreporting biased the 
study because stratifying by the question 
used to indicate reporting bias did not erase 
the observed relation. However, this cannot 
be excluded, as the question used is at best 
a crude indicator of reporting bias. 5) Par¬ 
ents of “symptomatic" children, searching 
for etiologie factors, may be more aware of 
indoor air problems than parents of asymp¬ 
tomatic children. This could also lead to an 
observed association between symptoms and 


TABLE 4. Odds ratios for the association between health indicators and dampness/moW stratified by 
raportad mokj allergy, selected Canadian children, 5-0 years old, 1908 

Hearth indicator 

Mow allergy* 

Dust energy? 

Absent 

Present 

Absen 

Present 

Cough 

1-74* 

1.39 

1.69* 

1.60* 

Wheeze 

1i59*.§ 

0.78 

1.56* 

0 98§ 

Wheeze with dyspnea 

168*.§ 

0.68 

1.62* 

0 94§ 

Asthma 

1 5U.§ 

0.64* 

1.38* 

1.04 

Bronchitis 

1 28* 

1.25 

1.28* 

1.25 

Chest Miness 

1.49* 

1.04 

1.45* 

1.30 

Upper respiratory symptoms 

1.43* 

1.75* 

1.39* 

1.91* 

Nonrespiratory symptoms I! 

14U 

1.19 

1.40* 

1.36* 

Eye irritation 

1 42* 

1.41* 

1.33* 

1.69* 


> For tne study group ert 13.495 cNwren. values tor mow energy were evMabie tor 12.947 mold energy values were absent tor 

t^p'oTme^tudy group ot 13.495 children, values tor dust energy were evanaoie tor 12.958 dust energy values were absent tor 
12.173 and present for 765 cmwien 

t Odds rat© sigrwhcamiy (afferent from unity at the 5% level _ „.. _ 

§ Bresww-Day test tor homogeneity of odds ratios Detween the presence or absence of mow energy (p < 005) 
t Any one of headaches muscle aches fever ano ctuHs. nausea, vomiting. or Oarmea occumng on at feast three seoarate 
occasions m the last 3 months 
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dampness/mold. The result presented in ta¬ 
ble 4 argues against this scenario Among 
children with known dust and mold aller¬ 
gies. the association between symptoms and 
exposures was no stronger than that among 
children without these known allergies. Fi¬ 
nally. our Canadian findings are consistent 
with those in other countries as discussed 
below. 

Dampness or mold, determined by either 
questionnaire or building inspection, in the 
homes of Edinburgh school children has 
been strongly associated with respiratory 
symptoms in several studies (6: 17-19). For 
example, in one study the crude odds ratio 
for the presence of any respiratory symptom 
was 3.7. p < 0.01 (19). A small questionnaire 
study of 185 homes in The Netherlands also 
reported crude odds ratios of 2-3 for the 
associations between respiratory symptoms 
and home dampness (7). A larger question¬ 
naire study of 4.990 Swedish children, whose 
parents were nonsmokers, found dampness 
to be associated with cough as indicated by 
an odds ratio of 1.9. p< 0.05 (20). Another 
large study of 4.625 US children reported 
odds ratios similar to ours of 1.2-2.2 be¬ 
tween respiratory symptoms and home 
dampness or molds after adjusting for ma¬ 
ternal smoking, age. sex. city of residence, 
and parental education (8). Thus, the 
Canadian experience is similar to those of 
other countries despite differences in ques¬ 
tionnaires. languages, climate, and housing. 

Although there are several facts support¬ 
ing the argument for causality, both the 
exposure and outcome variables were based 
entirely on questionnaire reporting. This 
crude subjective measure of molds would be 
expected to result in misclassification of ex¬ 
posure andi if random, to reduce the ob¬ 
served effect size. Previous studies have 
demonstrated that reported molds and 
dampness have some validity as measures of 
mold concentrations and dampness in 
homes, although correlations were weak (7. 
20). Currently it is not possible to test the 
validity of questionnaire reports as an indi¬ 
cator of mold-related pathogenic agents. The 
nature of these agents is unknown and. 
therefore, cannot be directly measured for 


use as a criterion (or gold standard). Con¬ 
centrations of mold measured' as colony¬ 
forming units will not include the nonviable 
but potentially allergenic portion (21). Large 
temporal variations in airborne mold con¬ 
centrations occur, for example, from the 
activities of occupants (2. 21). Thus, the 
often used "grab samples" may not well 
represent average or peak exposures. Fur¬ 
thermore. total spore counts or colony¬ 
forming units may poorly reflect the pres¬ 
ence of small proportions of certain species 
that may have important health effects (2). 
Heterogeneity also exists within a given spe¬ 
cies: mvcotoxin production is related to both 
the species and its local environmental 
conditions (2). Furthermore, dampness in¬ 
dicates inadequate home ventilation and 
perhaps increased levels of several contami¬ 
nants. The observed prevalence of any 
dampness/mold in the present study. 38 per¬ 
cent. probably overestimates the prevalence 
of serious mold problems in randomly cho¬ 
sen homes. Miller et al. (9) measured several 
indoor air biologic contaminants in 51 
Canadian homes, of which 70 percent were 
selected because of prior complaints of in¬ 
door air problems. In six homes, the concen¬ 
tration of airborne colony-forming units 
exceeded 1.000/m'. Potentially hazardous 
species. Aspergillus fumigants and Siachy- 
botrys ana. were found in three homes. 

Thus, although the associations between 
respiratory symptoms and home dampness 
or molds are probably causal doubt remains 
because of the subjective nature of question¬ 
naire reporting and because there is insuffi¬ 
cient knowledge to accurately identify and 
measure the pathogenic molds. 

Upper respiratory symptoms and eye ir¬ 
ritation were also associated with home 
dampness/mold in the present study, sug¬ 
gesting that an airborne irritant or allergen 
is involved in the pathogenesis. House dust . 
mites may be partly responsible for these 
adverse health effects. Although it is as¬ 
sumed that they do not occur on a broad 
scale in Canadian homes because of the cold, 
dry winters, there may exist humid microen¬ 
vironments. such as damp basements, suit¬ 
able for both molds and house dust mites 
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(5). Inconsistent with an immediate hyper¬ 
sensitivity mechanism was the observation 
that the symptom and exposure association 
persisted despite stratification for the pres¬ 
ence of diagnosed allergies to molds and 
dust. It would have been expected that those 
with reported allergies would have more 
symptoms on exposure to dampness, molds, 
or dust mites than those who reported no 
allergies. This was not the case. In addition, 
asthma which is partly an allergic disease in 
children was not as strongly related to home 
dampness or molds as were other health 
indicators. Allergic products of molds or 
dusts are recognized to cause immediate hy¬ 
persensitivity symptoms, but it did not seem 
to be driving the overall relation in our 
population study. 

The nonspecific symptoms we and others 
have detected (fever and chills, headaches, 
myalgias, nausea, vomiting, and diarrhea), 
if not simply due to a reporting bias, may 
be a clue to the pathogenesis. Similar symp¬ 
toms have been described in “humidifier 
fever" and “mycotoxicosis." both of which 
mav be caused bv exposure to mold products 
(3.22). 

These speculations based on our results 
and those of others require further etiologic 
studies of the adverse health effects associ¬ 
ated with home dampness and molds. Con¬ 
sidering the relatively high prevalence of 
home dampness or molds, approximately 38 
percent, it is an important public health 
issue for the Canadian population. Further 
work is required to determine both the likely 
pathogenic agents and how best to measure 
them in the general population. 
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Neas, L.M., Dockery, D.W., Ware, J.H., Spengler, J.D., Speizer, 
F.E., and Ferris, B.G., "Association of Indoor Nitrogen Dioxide 
with Respiratory Symptoms and Pulmonary Function in Children," 
American Journal of Epidemiology 134(2): 204-219, 1991. 

The authors examined the possible effect of indoor exposure to 
nitrogen dioxide on the cumulative incidence of respiratory symptoms 
and pulmonary function level in a cohort of 1,567 white children 
(aged 7-11 years) in six U.S. cities from 1983 through 1988. The 
authors reported that the study results suggest "an association 
between measured levels of indoor nitrogen dioxide and the 
cumulative incidence of a combined indicator of respiratory 
symptoms." The authors claim that respiratory symptoms were 
linearly associated with indoor nitrogen dioxide exposure. The 
authors report an odds ratio of 1.40 "for an increase in nitrogen 
dioxide equivalent to that for a gas stove." The authors also 
report that "neither excluding parental illness from the model nor 
including an indicator for maternal smoking during pregnancy altered 
the adjusted odds ratio." 
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The effect of indoor nitrogen dioxide on the cumulative incidence of respiratory 
symptoms and pulmonary function level was studied in a cohort of 1.567 white children 
aged 7—11 years examined in six US cities from 1983 through 1988 Week-long 
measurements of nitrogen dioxide were obtained at three indoor locations over 2 
consecutive weeks in both the winter and the summer months. The household annual 
average nitrogen dioxide concentration was modeled as a continuous variable and as 
four ordered categories. Multiple logistic regression analysis of symptom reports from 
a questionnaire administered after indoor monitoring showed that a 15-ppb increase in 
the household annual nitrogen dioxide mean was associated with an increased cumu¬ 
lative incidence of lower respiratory symptoms (odds ratio (OR) = 1.4,95% confidence 
interval (95% Cl) 1.1—1.7). The response vanable indicated the report of one or more of 
the following symptoms, attacks of shortness of breath with wheeze, chronic wheeze, 
chronic cough, chronic phlegm, or bronchitis. Girts showed a stronger association 
(OR = 1.7. 95% Cl 1.3-2.2) than did boys (OR = 1.2. 95% Cl 0.9-1.5). An analysis of 
pulmonary function measurements showed no consistent effect of nitrogen dioxide. 
These results are consistent with earlier reports based on categorical indicators of 
household nitrogen dioxide sources and provide a more specific association with 
nitrogen dioxide as measured in children s homes. Am J Epidemiol 1991 ;134:204-19 

air pollutants; child: household articles; king, nitrogen dioxide: respiratory function tests: 
respiratory tract diseases 


Nitrogen dioxide is a by-product of high- 
temperature combustion in air. While most 
outdoor locations have an annual mean be¬ 
low the National Ambient Air Quality 


Standard of 100 ug/m ? (53 ppb) (1). the 
concentration, of nitrogen dioxide may ex¬ 
ceed this level in homes with unvented gas- 
or kerosene-fueled appliances (2 ). Previously 
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published results from the Harvard Six 
Cities Study (3. 4) have described the asso¬ 
ciations between respiratory symptoms and 
pulmonary function in two cohorts of pre¬ 
adolescent children with indicators of indoor 
pollution sources determined from ques¬ 
tionnaires: parental smoking, gas stoves, and 
kerosene heaters. While evidence of in¬ 
creased respiratory symptoms and lower 
lung function has been reported for passive 
smoke exposure, the association with nitro¬ 
gen dioxide sources has been less consistent. 
Only reported respiratory illness before the 
age of 2 years was positively associated with 
the presence of nitrogen dioxide sources in 
two cohorts of children in the Harvard Six 
Cities Study. Some measures of pulmonary 
function were also depressed for children 
with unvented gas or kerosene appliances. 
The misclassification of exposure potentially 
could be diluting any effect of nitrogen diox¬ 
ide sources in these studies (5). In this paper, 
we present results from a stud> of a subset 
of the second cohort of children enrolled in 
the Harvard Six Cities Study, in which each 
child's residential exposure to nitrogen diox¬ 
ide was directly measured by indoor moni¬ 
toring; 

MATERIALS AND METHODS 
Study population 

The study population was drawn from a 
cohort of 6.273 children from six different 
communities: Watertown. Massachusetts: 
Kingston and Hamman. Tennessee: the 
Carondolet area of St. Louis. Missouri: 
Steubenville. Ohio. Portage. Wisconsin, and 
surrounding communities, and a random 
sample of schools in Topeka. Kansas. A 
parent-completed respiratory symptom 
questionnaire and a pulmonary function ex¬ 
amination were initially administered in a 
staggered scheme across cities between Sep¬ 
tember 1983 and June 1986. The following 
year in each city, a second questionnaire and 
pulmonary function examination were ad¬ 
ministered to all of these children who were 
still living in these communities. Between 1 
vear and 18 months later in the fall, the 


parents received a third health question¬ 
naire. All children in specific grades of pub¬ 
lic and private elementary schools within 
the geographically defined study areas were 
enrolled so as to obtain a sample of about 
1.000 children in each city: the third and 
fourth grades in St. Louis and Topeka, sec¬ 
ond through fourth grade in Steubenville, 
and second through fifth grade in W ater- 
town. Kingston, and Portage. 

In each city, a stratified one-third random 
sample of the first questionnaire respondents 
was solicited to participate in a comprehen¬ 
sive program of indoor air quality measure¬ 
ments. These children also kept a diary of 
respiratory symptoms (results not presented 
here). The initial stratified sampling strategy 
was to obtain 70 percent smoking house¬ 
holds and 70 percent households with a ma¬ 
jor nitrogen dioxide source (gas cooking 
stove or kerosene heater) as reported on the 
first respiratory symptom questionnaire. 
The achieved proportions. 58 percent smok¬ 
ing households and 48 percent households 
with a major nitrogen dioxide source, were 
lower than planned because of geographic 
differences in ps stove utilization and smok¬ 
ing. The sampling strategy minimized the 
association between nitrogen dioxide and 
passive smoking exposures by ensuring es¬ 
sentially equal proportions of current smok¬ 
ing homes in each nitrogen dioxide exposure 
stratum. 


Indoor air quality measurements 

Indoor air measurements were made in 
each panicipating household in two consec¬ 
utive 1-week sampling periods in winter 
(mid-November through March) and in 
summer (mid-May through September) (6). 
The present analysis will report associations 
between respiratory health and indoor nitro¬ 
gen dioxide with indoor respirable particle 
treated as a covariate. An integrated nitrogen 
dioxide sample was collected each sampling 
week using Palmes’ passive diffusion' tubes 
(7. 8) in the kitchen, activity room, and 
child's bedroom. In the first three cities 
(Watertown. Kingston, and St. Louis), two 
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separate I-week samples were collected, 
while a single 2-week measurement for each 
season was collected in Steubenville. Por¬ 
tage. and Topeka. Preassembled monitoring 
kits were placed in a sample of homes each 
week and returned to the central laboratory 
for analysis. The monitoring kits included 
randomly assigned replicates (5 percent) and 
field blanks (5 percent)] A few samples (<0.5 
percent) were voided for errors in sampling 
or analysis. In addition, two samples with 
measurements less than field blanks were 
assumed to have not been properly exposed. 
The passive sampling device functioned con¬ 
tinuously throughout the sampling period. 
Homes without at least one valid measure¬ 
ment for both nitrogen dioxide and respira¬ 
ble particulates i n = 26) were excluded, leav¬ 
ing 1.844 children in the subsample. For 
children with at least one measurement, a 
value for any one missing season was im¬ 
puted for either the winter (» = 42) or the 
summer (n = 204) (9) (see Appendix). An 
annual nitrogen dioxide average was then 
calculated as the geometric mean of the two 
seasonal estimates for each location, and a 
household annual nitrogen dioxide average 
was calculated as the arithmetic mean of the 
annual nitrogen dioxide averages for the 
three locations. Respirable particulates less 
than 2.5 *im in diameter (PM; <) were mea¬ 
sured by a Harvard aerosol impactor (10); 
which ran continuously in the activity room 
except for 8 hours each weekday when the 
child was normally in school. 


Racial, age, and completeness 
restrictions 


for a final sample size of 1.567 children 
(figure 1), 

The composition of the eligible cohort 
varied slightly with each questionnaire. 
Since the indoor measurements were ob¬ 
tained during the final year, the analysis was 
restricted to those earlier questionnaires for 
which there were not' subsequently 1) a 
change in residence. 2) a change in type of 
cooking stove, or 3) a change in the family 
smoking status (smoking vs. nonsmoking). 
The number of completed questionnaires for 
this sample over the course of the study w as 
1.115 for the first questionnaire. 1.221 for 
the second, and 1.286 for the thirdi The 
response rate for the third questionnaire was 
lower in homes with a nitrogen dioxide 
source (77 percent), primarily because of a 
poor overall response rate for a mail distri¬ 
bution of the third questionnaire in Water- 
town (53 percent). In the other cities, the 
questionnaires were handled through the 
schools, and the response rate for the third 
questionnaire in these five cities was accept- 


New Cohort of the Harvard Six Cities Study 
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The analysis was restricied to white chil¬ 
dren between the ages of 7 and 11 at the first 
examination with complete information on 
a series of covariates: parental education and 
respiratory illnesses, family size and com¬ 
position. number of rooms, and maternal 
smoking during pregnancy. The racial re¬ 
striction excluded 149 children (8.1 per¬ 
cent). age excluded a further 19 children 
(1.1 percent)i and the completeness of data 
excluded a final 109 children (6.5 percent). 
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FIGURE 1. Schematic representation of the selection 
process and sample attntion. indoor monitoring dataset 
Harvard Six Cities Study. 1983-1988 Changed resi¬ 
dence implies either movement to a new residence or 
a major change in indoor poHutant sources 
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able in both homes with a nitrogen dioxide 
source (84 percent) and homes without a 
nitrogen dioxide source (90 percent). 

Cumulative incidence of respiratory 

symptoms 

Each questionnaire Followed a standard 
format (II) and solicited responses to a se¬ 
ries of questions on respiratory symptom 
prevalence during the year preceding the 
questionnaire. The third questionnaire was 
administered in the fall following the com¬ 
pletion of the indoor air quality measure¬ 
ments and provides symptom information 
for the year during which the measurements 
were taken. A single binary variable was 
created that indicated the occurrence during 
the prior year of one or more of the following 
five lower respiratory symptoms: shortness 
of breath with wheezing, persistent wheeze, 
chronic cough, chronic phlegm, and bron¬ 
chitis. Asthmatic status was based solely on 
a parental report of a physician's diagnosis 
and not on the presence of asthmatic symp¬ 
toms. Hay fever and earache were reported 
separately. The chest illness and other illness 
variables reflect a restriction of the child's 
normal activities for 3 or more days. The 
other illness question excluded chest illness, 
but may have included upper respiratory 
illnesses 

Pulmonary function measurements 

Measurements of pulmonary function 
have been discussed previously as an indi¬ 
cator of the effects of air pollutants! 12). The 
pulmonary function measurements were 
conducted by trained spirometry field teams 
in the child's school using a recording survey 
spirometer (Wan-en E. Collins. Inc.. Brain¬ 
tree. Massachusetts). After the child's weight 
and height in stocking feet were measured, 
each child performed at least five but not 
more than eight forced expiratory maneu¬ 
vers while sitting with free mobility and 
without a noseclip. Unacceptable maneu¬ 
vers were noted by the field team. Five pul¬ 
monary function parameters were consid¬ 
ered: forced vital capacity (FVC). forced 


expiratory volume at 1 second (FEV „i. the 
ratio between FEV,,, and FVC. forced ex¬ 
piratory volume at 3 « second (FEW,-,), and 
forced expiratory flow between 25 percent 
and 75 percent of FVC (FEF;<.-«-.) The 
FVC and FEV, o measurements were calcu¬ 
lated as the mean of the three best eflons 
that were within 150 ml of the largest mea¬ 
surement (13). and they were corrected' to 
body temperature and pressure saturated 
(14). FEFss^r. determined from the 
blow with the largest sum of FVC and 
FEV, o. A more detailed explanation of the 
measurement procedure has been' provided 
previously (15). 

Logistic regression model for respiratory 
symptoms 

The logistic regression model estimated 
the effect of the measured level of nitrogen 
dioxide (annual household average in ppb) 
while controlling for the effects of city. sex. 
age at first examination, parental history of 
bronchitis or emphysema, parental history 
of asthma, parental college education, single 
parent family status, and the measured level 
of respirable particulates in the home (an¬ 
nual average in ug/m J h The child's age (7- 
11 years for the initial questionnaire) was 
dichotomized into either less than 10 years 
or 10 or more years of age (27 percent). 
Parental educational: level was positive if the 
higher education parent living in the child's 
home had ever attended college (52 percent). 
Parental chronic obstructive pulmonary dis¬ 
ease was positive if a history of bronchitis or 
emphysema was reported for either of the 
child's biologic parents (30 percent), while 
parental asthma was similarly positive for a 
reported history of asthma (12 percent). The 
analyses were conducted using SAS PROC 
LIFEREG with a logistic error distribution 
(16k 


The analysis of pulmonary function relied 
on a regression model developed by previous 
analyses of the Harvard Six Cities Study 


Basic pulmonary function regression 
model 
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children's data (15). Each pulmonary func¬ 
tion examination was analyzed separately. 
The natural logarithm (In) of pulmonary 
function was modeled with a separate inter¬ 
cept for each of the six cities and included 
sex. parental education, parental history of 
asthma. In age. In height. In weight, and the 
interaction between sex and In height. The 
analyses were conducted using SAS PROC 
REG (16). In addition to the previous re¬ 
strictions, the pulmonary function analysis 
was restricted to children who had complete 
anthropomorphic and pulmonary function 
measurements and whose height was 115- 
155 cm and whose weight was 45-135 lb 
(20.4-61.2 kg) for the first examination. For 
the second examination, these measure¬ 
ments were 120-160 cm and 50-150 lb 
(22.7-68.0 kg): respectively. These restric¬ 
tions excluded 42 children from the first 
examination (3.8 percent) and 43 children 
from the second examination (3.3 percent). 
Regression analysis prior to the inclusion of 
the indoor pollution measures identified 10 
children whose observed values differed 
from the predicted values by more than 4 
standard errors. These children were ex¬ 
cluded from further analyses. After the re¬ 
moval of these outliers, the measured levels 


of nitrogen dioxide (annual household a\- 
erage in ppb) and respirable particulates (an¬ 
nual average in ug/m') were added to the 
regression model. The final pulmonary func¬ 
tion dataset included 1.053 children for the 
first examination and 1.175 children for the 
second examination! (figure 1). 

RESULTS 

Univariate statistics 

Table 1 provides descriptive statistics on 
exposures to indoor air pollutants for the 
restricted sample of 1.567 children by the 
presence of a major nitrogen dioxide source 
in the home for all six cities and by city. 
Overall. 48 percent of the children lived in 
homes with a major source of nitrogen diox¬ 
ide: 83 percent of these children were ex¬ 
posed to a gas cooking stove and 21 percent 
to a kerosene heater. Homes with a major 
nitrogen dioxide source had higher propor¬ 
tions of current smokers (62 percent vs. 55 
percent), boys (57 percent vs. 49 percent), 
and single parent families (16 percent vs. 14 
percent), but lower proportions of parental 
chronic obstructive pulmonary disease (28 
percent vs. 31 percent), parental asthma (11 
percent vs. 13 percent), and one parent with 


TABLE 1. Dtscnption of axpoaura* by city and presence of a household nitrogen dioxide source (gas 
cooking stove or kerosene heater): Harvard Six Cities Study. 1 M3-1988 
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a college education (46 percent vs. 57 per¬ 
cent). The annual mean concentration of 
respirable particles was also higher by 6 Mg/ 
m 3 in the homes with a nitrogen dioxide 
source. 

The household annual average indoor ni¬ 
trogen dioxide exposure concentration (fig¬ 
ure 2) was 14.9 ppb higher for the 751 
children living in homes with a major nitro¬ 
gen dioxide source (mean + standard error 
= 23.5 ± 0.4 ppb) than for the 816 children 
in the nonsource homes (8.6 ± 0.2 ppb). 
This excess was present in both winter 
(+19.8 ppb) and in summer (+11.7 ppb). In 
the homes with a major nitrogen dioxide 
source, the household average was 7.8 ppb 
higher in the winter, while in the homes 
without a major nitrogen dioxide source, the 
winter measurements were 0.4 ppb lower. 
Trcitman et al. (17) suggested that these 
seasonal differences reflect decreased winter 
ventilation and a consequent decrease in the 
contribution of nitrogen dioxide from exter¬ 
nal sources. In homes with a major nitrogen 


dioxide source, the annual average of the 
two seasonal nitrogen dioxide measure¬ 
ments (figure 3) was higher in the kitchen 
(28.8 ± 0.6 ppb) than in the activity room 
(21.6 ± 0.4 ppb) or the child's bedroom 
(19.8 + 0.4 ppb). The room-specific indoor 
nitrogen dioxide measurements were highly 
correlated with Pearson correlaticr oeffi- 
cients greater than 0:90. while the Ik _>ehold 
annual averages for indoor nitrogen dioxide 
and PM; < were unrelated. Nitrogen'dioxide 
enters the health effects models as a contin¬ 
uous variable, and the results are presented 
in this paper as the efTect of a 15-ppb in¬ 
crease in the household annual 1 average of 
the indoor nitrogen dioxide measurements, 
which is comparable to the crude difference 
between homes with and without a major 
nitrogen dioxide source (14.9 ppb). 

The household annual indoor nitrogen 
dioxide averages were modeled using 1.159 
children who had complete information on 
selected household characteristics from the 
second questionnaire. The final predictors 
included city, the number of rooms, and 
indicator variables for gas cooking stove. Wf- 
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FIGURE 2. Household average nitrogen dioxide mea¬ 
surements by the report of a major indoor nitrogen 
dioxide source (gas stove or Kerosene heater) on the 
third Questionnaire: Harvard Six Cities Study. 1983- 
1988 Quaftiies of the nitrogen dioxide distribution are 
indicated by mangles betow me axis. 
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FIGURE 3. Distribution of percentiles for the annual 
average indoor nitrogen dioxide concentration by room 
location of the sampler and the report of a major indoor 
nitrogen dioxide source (gas stove or kerosene heater) 
on the third questionnaire: Harvard Six Cities Study. 
1983-1988 
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type of gas fuel, pilot lights, kitchen fan. 
kerosene space heater, wood stove, and cur¬ 
rent smoking status. The other variables 
considered were the use of the cooking stove 
for heating and the type of fuel used bv the 
main heating system. The final model ex¬ 
plained 68 percent of the variation in the 
measured annual average indoor nitrogen 
dioxide level and predicted a 17.3-ppb in¬ 
crease in nitrogen dioxide for households 
using a gas cooking stove with pilot lights. 
Kerosene space heaters that are typically 
used only during winter contributed much 
less (+2.7 ppb) to the annual average nitro¬ 
gen dioxide level, as did smoking in the 
home (+1.7 ppb). The nitrogen dioxide mea¬ 
surements were weakly associated with pa¬ 
rental education and single parent family 
status, but not with the child's age or sex or 
with parental illness. 

On the third questionnaire, physician- 
diagnosed asthma was reported for 6 percent 
of the children, but asthmatic symptoms 
were reported twice as frequently: 12 percent 
for persistent wheeze and 13 percent for 
shortness of breath with wheeze. The cu¬ 
mulative incidences of chronic cough (8 
percent), chronic phlegm (9 percent), and 
bronchitis (9 percent) were similar. The cu¬ 
mulative incidence of restriction of normal 
activity for 3 or more days for chest illness 
(11 percent) was comparable to that for 
other nonchest illnesses (12 percent). The 
most common symptoms reported were ear¬ 
ache (34 percent) and hay fever (24 percent). 
The proportion of missing data for each 
symptom never exceeded 6 percent and was 
generally 4 percent or less. 

Effect of nitrogen dioxide on the annual 
cumulative incidence of respiratory 
symptoms 

The presence of a major nitrogen dioxide 
source showed a similar crude association 
with each of the five lower respiratory symp¬ 
toms on the third questionnaire (table 2): 
shortness of breath with wheeze (odds ratio 
(OR) = 1.24). persistent wheeze (OR = 
1.25). chronic cough (OR = 1.29), chronic 
phlegm (OR = 1.35). and bronchitis (OR = 


1.24). Positive associations were not found 
foT asthma, hay fever, earache, or restictions 
of activity due to either chest illness or other 
illness. The composite measure of lower re¬ 
spiratory symptoms had a crude odds ratio 
of 1.38 (95 percent confidence interval (95^ 
Cl) 1.05-1.53). 

The logistic regression model described 
earlier was applied to estimate the effect of 
a 15-ppb difference in indoor nitrogen diox¬ 
ide on each of the symptoms. The adjusted 
odds ratios were similar to the crude relative 
risks associated with the presence of a major 
nitrogen dioxide source. The composite in¬ 
dicator of lower respiratory symptoms had 
a statistically significant association with in¬ 
door nitrogen dioxide. When expressed as 
the effect of a 15-ppb increase in the house¬ 
hold annual average of the nitrogen dioxide 
measurements in the child's home, the ad¬ 
justed odds ratio was 1.40 (95 percent Cl 
1.14-1.72). 

Over the 3 years of questionnaires, the 
cumulative incidence rates of lower respira¬ 
tory symptoms increased among children in 
homes with a major nitrogen dioxide source: 

22 percent in the first. 24 percent in the 
second, and 29 percent in the third. Rates 
were stable for the children living in non¬ 
source homes: 21 percent 21 percent, and 

23 percent. The crude relative odds of lower 
respiratory symptoms increased steadily 
over the three questionnaires (1.05. 1.17. 
and 1.38). as did the adjusted odds ratios 
(0.90. 1.21. and 1.40). 

When the third questionnaire was ana¬ 
lyzed separately by sex. an increased effect 
of nitrogen dioxide was seen among the girls 
(OR = 1.68. 95 percent Cl 1.30-2.19) com¬ 
pared with boys (OR = 1.16. 95 percent Cl 
0.89-1.51). Similarly, the nitrogen dioxide 
effect appears to be stronger among children 
with current domestic exposure to passive 
cigarette smoke (OR * 1.48. 95 percent G 
1.19-1.84) compared with those in non¬ 
smoking homes (OR = 1.22. 95 percent G 
0.89-1.66). 

When the analysis was repeated separately 
for each city (table 3). the estimates of the 
effect of a 15-ppb increase in nitrogen diox¬ 
ide on lower respiratory symptoms were 



Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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TABLE 2. Annual cumulative incidences and crude odd* ratios (OR*) ateociated with a major indoor 
nitrogen dioxide source (gas stove or kerosene heater) and the adjusted odds ratios and 95% confidence 
intervals (95% Cis) associated with a 15-ppb increase in the annual average indoor nitrogen dioxide 
exposure by symptom: Harvard Six Cities Study, 1983-1988 


Effect of nitrogen ooxide source 
category 


Effect of* iSpoo 
difference n nitrogen 
dioxide adjusted* 



Cumulative rooence (%) 

Cruoe 

OR 

OR 

95*o Ci 


No source 

Source 



Shortness of breath 

11.5 

13.9 

1.24 

1.23 

0.93-1.61 

Chronic wheeze 

11.3 

13.8 

1.25 

1.16 

0.B9-1.52 

Chronic cough 

7.6 

9,5 

1.29 

1.18 

0.87-1.60 

Chronic phlegm 

8.2 

10.7 

1.35 

1.25 

0.94-1 66 

Bronchitis 

7.8 

9.4 

1.24 

1.05 

0.75-1 47 

Lower respiratory symptoms 

228 

29.0 

1.38 

1 40 

1.14-172 

Asthma 

7.1 

5.4 

075 

0.91 

0.60-1.36 

Hay fever, 

24.0 

24.7 

1.04 

0.98 

0.79-1.22 

Earache 

34.5 

33.0 

0.94 

1.09 

0.90-1 32 

Chest illness 

10.5 

11.0 

1.06 

1 10 

0.83-1 46 

Other illness 

12.3 

12.5 

1.02 

1.06 

0.81-1.40 


• 000$ ratios adjusted tor city, sex age. parental history of bronchitis or empnysema. parental history of astnma parental 
college education, single parent tamwy status, and the measured levels of respcratxe particulates m the home 


I 




TABLE 3. Annual cumulative incidences of lower respiratory symptoms and crude odds ratios (ORs) 
associated with e major indoor nitrogen dioxide source (ges stove or kerosene heater) and the adjusted 
odds ratios and 95% confidence intervals (95% Cls) associated with a 15-ppb increase in the annual 
average indoor nitrogen dioxide exposure by city: Harvard Six Cities Study, 1983-1988 



Effect of mtrogen dioxide source category 

Effect of a ISpoo 

Offer enoe m mitogen 
dioxide adjusted* 

Cumulative incidence (%} 

Cruoe 

OR 

OR 

95*-. Cl 

No source 

Source 

Watertown. MA 

143 

155 

1.10 

1.27 

0.59-2.72 

Kingston. TN 

22 4 

429 

2.60 

1.32 

063-277 

St. Louts. MO 

278 

23.2 

079 

1.27 

0.88-1 85 

Steubenville. OH 

29.0 

390 

1.57 

1 44 

0.97-2 13 

Portage. Wl 

17 7 

26.9 

1.71 

1.86 

1.13-304 

Topeka KS 

247 

34.3 

1.59 

1.26 

0.72-2:20 


•Odds ratios adjusted tor cny sex age. parental rwstory of oroncmtis or emphysema, parental history of astnma. parental 1 
college education, smg»e parent tamtiy status, and the measured levels of respiraoie particulates m the home 


nearly equal in spite of a considerable vari¬ 
ation in the city-specific prevalence of major 
nitrogen dioxide sources as shown in 
table 1. 

A consistent pattern also was found when 
the analysis was repeated separately for each 
source category (table 4). For this table, the 
classification of households was based on 
any mention of a major indoor nitrogen 
dioxide source on either the second or the 
third questionnaire, that is. before or after 
the indoor monitoring. The estimated effect 
of a 15-ppb increase in the annual average 


indoor nitrogen dioxide exposure was 
slightly lower among the 495 children from 
gas stove homes compared with the 181 
children from homes with kerosene heaters. 
The estimated nitrogen dioxide effect was 
slightly lower among the 630 children from 
homes without any report of a major nitro¬ 
gen dioxide source on either questionnaire. 
The nitrogen dioxide effect estimate for non¬ 
source homes was dominated by a single 
home's high nitrogen dioxide level (58.3 
ppb) Deleting this observation reduced the 
maximum value of the average annual in- 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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door nitrogen dioxide concentration to 35:6 
ppb and reduced the estimated odds ratio 
for nonsource homes to OR = 1.01 (95 
percent Cl 0.44-2.32). 

To check the modeling of nitrogen dioxide 
as a continuous variable, nitrogen dioxide 
measurements were collapsed into four or¬ 
dered exposure categories of approximately 
equal size (table 5). The mean nitrogen diox¬ 
ide levels varied from 3.7 ppb in the lower 
exposure category to 31 ppb in the upper 
exposure category , while the presence of a 
major household nitrogen dioxide source 
varied from 9 percent to 93 percent. The 
relative odds for lower respiratory symptoms 
increased monotonically with the mean ni¬ 
trogen dioxide level. 


Effect of nitrogen dioxide on pulmonary 
function measurements 

The pulmonary function measures were 
conducted in conjunction with the first two 
questionnaires and preceded the indoor pol- 

TABLE 4. Adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) associated with a 15-ppb 
increase in the annual average indoor nitrogen dioxide exposure by major indoor nitrogen dioxide source 
category as reported on a questionnaire either before or after indoor air sampling: Harvard Six Cities Study, 
1983-1988 


Nitrogen oioxioe 

source category 

No Ot 
children 

Nitrogen oioxioe level 
<pom 


Adjusted - 

Range 

Mean 

OR 

95% Cl 

Gas stove 

495 

2.1-78.2 

24.5 

1 37 

1.02-1.84 

Kerosene heater 

181 

2.6-69.3 

13.2 

1.45 

0.82-2.56 

No reported major 
mcoor source 

630 

17-58 3 

7.5 

1.23 

0.62-247 


•Ooos ratios aoiusteo tor cn> sex age oaremai History of oroncnitis or empnysema. parental History ot astnma parental 
college eoucaiion, single parent tamiiy status ana me measureo levels ot respeatxe particulates m me home 


lutant measurements. No pulmonary func¬ 
tion measurements were made in conjunc¬ 
tion with the third questionnaire following 
the indoor monitoring. For an additional 15 
ppb of nitrogen dioxide, the only association, 
which reached statistical significance was an. 
increase in FEV ll0 /FVC among boys (p < 

0.04). There was no indication that nitrogen 
dioxide exposure was associated consistently 
with a reduction in any of the pulmonary t 
function measures (table 6). I 

J 

DISCUSSION ' 

Previous studies 

Unvented gas household appliances have 
been reported in US and European studies 
to be associated with increased respiratory i 
symptoms in children. In a study of 5.758 j 
English children aged 6-11 years. Melia et j 

al. H 8 V reported that gas cooking stoves were ! 
associated with the increased prevalence of 
six respiratory symptoms among boys ' 


TABLE 5. Adjusted odds ratios (ORs) and 95% confidence intervals (95% CIs) associated with ordered 
indoor nitrogen dioxide exposure categories on the annual cumulative incidence of tower respiratory 
symptoms: Harvard Six Cities Study, 1953-198S 


Nitrogen dioxide level 
(POP* 

Nitrogen 

dioxide 

source 

(%1 

NO Ot 
cnodren 

Cumulative 

incidence 

<%) 

Adjusted" 

Range 

Mean 

OR 

95% Cl 

0-4 9 

37 

9 

263 

22.8 

1.00 


5-99 

7:3 

20 

360 

24.2 

1.06 

0.71-1.58 

10-19.9 

144 

50 

317 

27.1 

1.36 

0.89-2.08 

20-78.2 

31 0 

93 

346 

27.8 

1 65 

1.03-2 63 


• Ooos ratios adjusted tof city sex age parental history ot proncnttis or empnysema parental history ot astnma. parental 
college education single parent tamny status, and tne measured levels ot respirawe particulates m the home 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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TABLE 6. Percentage of change m selected pulmonary function measurements and 95% confidence 
intervals (95% CIs) associated with a 15*ppb increase in the annual average indoor nitrogen dioxide 
exposure by examination and sex: Harvard Six Cities Study, 19S3-1948 

i 

First examination 

Sacono examination 

%oi 

change* 

95% D 

% of 
change 

95% Cl 

Males 





FVCT 

-07 

-2.0 to +0 6 

-0.4 

-1.6«o +0 8 

FEV, ot 

+0.1 

-1.3 to+1.5 

-0.1 

-1.5 to +13 

FEV, o/FVC 

+08 

+0.0 to +1.6 

+0.3 

-0:5 to+11 

' FEV 6 „t 

+0 1 

-1.4 to+1.5 

-0 1 

-1.6 to+1.3 

' FEF !s .7v.t 

+1.8 

-1.1 to+4 6 

+0.7 

-2.2 to +3.5 

FEV n .,v,/FVC 

+2.5 

-0 3 to +5.2 

+ 1.1 

-1.7 to +3.8 

Females 





' FVC 

+07 

-0.8 to +2.2 

-0:6 

-2.0 to +0 7 

1 FEV, o 

+0.9 

-0.6 to +2.4 

-0.2 

—1.6 to +1.1 

; FEV, o/FVC 

+0.2 

-0.6 to +1.0 

+04 

-0.3 to +11 

; fevot* 

+0.7 

-0.9 to +2.3 

-0.3 

-1.7 to +11 

| FEF„_, V . 

+0.3 

-3.0 to +3 4 

+0.1 

-27 to+2 8 

• FEV^t*../FVC 

“0.5 

-3.7 to +2.7 

+07 

-2.1 to +3 4 


• Percentage ot cnange aaiusteo tor city, oaremai history of asmma. parental cortege eoucaton. m age m weight ana m neignt 
t FVC torcea vital capacity FEV, c . tOrcec expiratory volume in 1 second FEVd r% torceo expiratory volume m mree-tourtns ot 
a second FEF*.,,^. torcea expiratory flow Detween 25 and 75% of FVC: m. natural loganthm 


(OR = 1.27. 95 percent Cl 1.08-1.50) and 
girls (OR = 1.39. 95 percent Cl 1.16-1.65). 
after controlling for age and social class. 
After controlling for 28 geographic areas, the 
association remained significant for girls (p 
< 0:05). but not for boys (p - 0.30). Subse¬ 
quent studies by Keller et al (19) of 441 
Columbus. Ohio, families and by Schenker 
et al. (20) of 4,071 Pennsylvania children 
failfed to detect any significant associations 
between gas stoves and the incidence or 
prevalence of respiratory symptoms. In fact. 
Keller and coworkers found a protective ef¬ 
fect for gas stoves that may have been an 
artifact of controlling for the child T s prior 
illhess history . If chronic exposure to nitro¬ 
gen dioxide is a risk factor for early child¬ 
hood illnesses, controlling for the child's 
illness history will substantially reduce the 
estimated effect of current nitrogen dioxide 
exposures. Dodge (211 found a very large 
excess prevalence (OR = 2.2. p < 0.05) of 
cough associated with gas stoves in a study 
of 676 children in three Arizona communi* 
ties. 

Gas stoves hav e shown an association with 
respiratory symptoms among an earlier co¬ 
hort of children participating in the Harvard 
Six Cities Study In a preliminary report on 


8.120 children. Speizer et al. (22. 23) found 
that gas cooking stoves were significantly 
associated with respiratory illhess prior to 
age 2 (OR = 1.12.95 percent Cl 1.00-1.26). 
In a follow-up analysis of a larger cohort of 
10.106 of these children. Ware et al. (3) 
reported that a similar association was found 
between gas stoves and respiratory illness 
prior to age 2 (OR = 1.13. 95 percent Cl 
0.99-1.28): which was slightly reduced by 
an adjustment for parental' education 
(OR * 1.11. 95 percent Cl 0.97- !.27). No 
significant associations were found for any 
reports of respiratory symptoms in the pre¬ 
vious year, including chronic cough, persist¬ 
ent wheeze, and bronchitis. For a second 
sample of 6.273 children in the six cities 
from which the participants in the present 
study were selected. Dockery et al. (4) re¬ 
ported that physician-diagnosed respiratory 
illness prior to age 2 was significantly asso¬ 
ciated with gas cooking stoves with pilot 
lights (OR = 1.22. 95 percent Cl 1.02-1.47) 
and marginally associated with kerosene 
heaters (OR = I.H. 95 percent Cl 0.89- 
1.37). No associations were found with 
individual respiratory- symptoms in the pre¬ 
vious year as reported on the first question¬ 
naire. Neither gas stoves not kerosene heat- 


i 

4 



i 


i 


i 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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ers were associated with differences in pul¬ 
monary function measurements. Ekwo et al 
(24Valso have found an increased prevalence 
(OR = 2.4. 95 percent Cl 1.4-4.1) of hospi¬ 
talization for respiratory illness before age 2 
among 1.138 Iowa City children. 

Measured levels of indoor nitrogen diox¬ 
ide also were reported to have an association 
with respiratory symptoms in children. 
Florey etal. (25)reported that the prevalence 
of a combined indicator of respiratory symp¬ 
toms was not associated with kitchen nitro¬ 
gen dioxide levels among 428 children in gas 
cooking homes, but was associated with bed¬ 
room nitrogen dioxide levels among a sub¬ 
sample of 80 children (p < 0.10). In a 1982 
follow-up study of children living in 183 gas 
cooking homes. Melia et al. (26) reported 
that living room nitrogen dioxide measure¬ 
ments were significantly associated with the 
prevalence of respiratory conditions at the 
90 percent confidence level: but bedroom 
nitrogen dioxide measurements showed no 
significant association. In a 1987 study of 
121 children under the age of 13 years. 
Berwick et al. (27) reported an association 
between living room nitrogen dioxide mea¬ 
surements over 16 ppb and increased re¬ 
porting of eight lower respiratory symptoms 
among children under 7 years, but not 
among children 7. years and older after con¬ 
trolling for socioeconomic status and history 
of respiratory illness. As with the study by 
Keller et al.. Berwick's control for prior re¬ 
spiratory illnesses may have weakened any 
association with nitrogen dioxide exposure. 

In a 1990 study of 775 Dutch children 
aged 6-12 years. Dijkstra et al. (28) found 
no association between mean indoor nitro¬ 
gen dioxide concentrations and a combined 
indicator of one or more of three lower 
respiratory symptoms: chronic cough, any 
mention of wheeze, and attacks of shortness 
of breath w ith wheeze. The nitrogen dioxide 
measurements were collected over 1 week in 
January , compared with the 2 weeks of mea¬ 
surements in both the winter and summer 
seasons used for the present study. The 1- 
week winter samples of Dijkstra et al. pro¬ 
vide a less reliable estimate of each child's 


exposure to nitrogen dioxide over the entire 
year. The range of exposures was somew hat 
smaller with only 79 (10 percent) children 
(eight of whom had one or more symptomsi 
who lived in homes with a I-week average 
winter measurement more than 32 ppb of 
nitrogen dioxide. compared' with 195 (1:5 
percent) of the 1.286 children in the present 
study with a 2-week average winter concen¬ 
tration above 32 ppb. Nevertheless, there is 
no clear explanation at this time for the lack 
of association in this study. 

Pulmonary function measurements have 
not shown a consistent association with 
either gas stoves or with direct measure¬ 
ments of nitrogen dioxide exposure. 
Hasselblad et al. (29) reported a decline in 
pulmonary function among 3.000 girls aged 
9 through 13 years (-1.1' percent FEV n -<). 
but a slight increase among 3.552 boys aged 
9 through 13 years (+03 percent FEV ( ,-«). 
In a longitudinal'analysis of 7.834 children 
in the Harvard Six Cities Study cohort. Ber- 
key et al. (30) reported slight declines in 
both FVC (—0.55 percent. 95 percent Cl 
-1.16 percent to +0.05 percentVand FEV, „ 
(-0.41 percent. 95 percent Cl -1.03 percent 
to +0.02 percent) for both sexes combined. 
Slightly greater than predicted levels of pul¬ 
monary function were found in the study of 
Vedal et al. (31) of 1.631 children living in 
gas stove homes (+0.1 percent FEF^.-<-). 
In an English study of 485 children: Florey 
et al (25) found no association between 
kitchen nitrogen dioxide measurements and 
pulmonary flow measurements after adjust¬ 
ment for age. height, weight, and sex. al¬ 
though girls in gas cooking homes had sig¬ 
nificantly higher values of peak expiratory 
flow and FEF; ? .?s' r . 


Present study 

The present study is in substantial agree¬ 
ment with these previous studies in finding 
an association between measured levels of 
indoor nitrogen dioxide and the cumulative 
incidence of a combined indicator of respi¬ 
ratory symptoms. In this study, lower respi- 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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ratory symptoms were linearly associated 
with indoor nitrogen dioxide with an odds 
ratio of 1 40 for an increase in nitrogen 
dioxide equivalent to that for a gas stove. 
This is similar in magnitude to the previ¬ 
ously reported effect of passive smoke ex¬ 
posure. For example. Ware et al. (3) report 
a relative odds of 1.23 for the association 
between maternal smoking and an index of 
lower respiratory illness in an earlier cohort 
in these cities. The association is stronger 
among girls and among children living in 
smoking homes, but the effect is still present 
among boys and among children living in 
nonsmoking homes. Melia et al. (26) found 
a stronger association among girls between 
gas stove exposure and respiratory symp¬ 
toms. The lack of a significant adverse effect 
on pulmonary function is in agreement with 
the results of Berkey et al. (30) and Vedal et 
al. (31). These findings appear to indicate 
that either the increased prevalence of respi¬ 
ratory symptoms due to nitrogen dioxide 
exposure does not lead to any impairment 
of pulmonary function or the impairment 
of pulmonary function is a delayed or rare 
result of nitrogen dioxide exposure, but they 
are in agreement with the lack of a consistent 
finding of reduced pulmonary function 
among children with viral bronchiolitis (32); 
a condition which is similar to the toxic 
bronchiolitis that may be produced by acute 
nitrogen dioxide poisoning. 

The nitrogen dioxide effect is remarkably 
consistent when the analysis is repeated sep¬ 
arately for each city and each nitrogen diox¬ 
ide source category (tables 3 and 4). Such 
consistency implies that other factors, such 
as climate and social class that may be as¬ 
sociated with city or source category, do not 
strongly confound the nitrogen dioxide ef¬ 
fect estimate. In particular, this consistency 
is striking, given the wide variation in the 
actual nitrogen dioxide exposure levels 
across city and source categories. This sug¬ 
gests that nitrogen dioxide is a common 
linkage in the observed health effects, even 
though a more toxic by-product of indoor 
nitrogen dioxide may be the primary irri¬ 
tant. Pitts et al. (33) have suggested that 
nitrogen dioxide reacts with interior surfaces 


to produce nitrous acid. In either case, in¬ 
door nitrogen dioxide is specifically impli¬ 
cated. whether directly affecting symptom 
reporting or indirectly through the produc¬ 
tion of nitrous acid. 

Alternatively, selective inclusion or exclu¬ 
sion of participants is a potential source of 
bias due to the loss of children over the 3 
years of the study. Complete measurements 
for indoor pollutants were not obtained for 
all of the households initially selected for 
inclusion in the indoor air quality monitor¬ 
ing study, but these sampling losses were not 
associated with differences in household 
source characteristics. Children were also 
lost to follow-up because of failure to obtain 
all three questionnaires. In large part, this 
attrition was because of school busing in St. 
Louis and the poor response to a mail dis¬ 
tribution of the third questionnaire in 
Watertown. Neither of these is likely to have 
been strongly associated with nitrogen diox¬ 
ide exposure. The overall symptom preva¬ 
lence rate increased over the course of the 
study, which may be due to either parents 
with asymptomatic children losing interest 
in participating in the study or parents who 
did not accurately complete the initial symp¬ 
tom questionnaires withdrawing from the 
sample in subsequent years. In any case, the 
two cities with the highest retention rates. 
Steubenville (88 percent) and Portage (99 
percent), had the highest city-specific esti¬ 
mates for the association of nitrogen dioxide 
with lower respiratory symptoms. 

A second alternative explanation for these 
findings is that other variables associated 
with both nitrogen dioxide exposure and 
respiratory symptom reporting. i.e.. con- 
founders. may be producing a spurious as¬ 
sociation. The strongest confounder in this 
study was socioeconomic status, and con¬ 
trolling for this and other potential con- 
founders in the model actually increases the 
association from a crude odds ratio of 1.38 
to an adjusted odds ratio of 1.40. Family 
size, the presence of younger siblings, and 
the number of persons per room were found 
to have no significant effect when considered 
for inclusion in the model. Neither exclud¬ 
ing parental illness from the model nor in- 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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eluding an indicator for maternal smoking 
during pregnancy altered the adjusted odds 
ratio. 

Home wetness was also considered as a 
potential confounder. Goldstein et al. (34) 
reported that unvented gas appliances raise 
humidity and cause surface condensation in 
the home that may act independently to in¬ 
crease respiratory symptoms. In a cohort of 
4.625 children from which the children in 
the current study were selected. Brunekreef 
et al. (35) reported that home dampness 
indicators were significantly associated with 
increased reporting of respiratory symp¬ 
toms. In the indoor air-monitoring sample, 
home dampness indicators were associated 
with the combined indicator of lower respi¬ 
ratory symptoms, but only weakly associ¬ 
ated with nitrogen dioxide. Controlling for 
the effects of home dampness did not modify 
the association of lower respiratory symp¬ 
toms with the indoor nitrogen dioxide con¬ 
centrations. 

The misclassification of children with re¬ 
gard to either exposure or symptoms also 
may have introduced a bias. As the symptom 
measurements become more remote in time 
from the indoor monitoring, the observed 
effect of nitrogen dioxide appears to dimin¬ 
ish. This may be due to either a systematic 
bias or may represent a real temporal varia¬ 
bility of the results. The increased rate of 
symptom reporting over the three question¬ 
naires by parents with a major nitrogen diox¬ 
ide source could be explained by overre- 
poning as these parents became aware of the 
hypothesized association of respiratory ill¬ 
ness and gas stoves. However, such a bias 
would not explain the dose-response associ¬ 
ation found with level of nitrogen dioxide 
nor the consistent associations found when 
the children were considered separately by 
source class. An alternative explanation for 
this trend is that there was increasing non- 
difTerential misclassification of exposure, 
i.e.. the indoor nitrogen dioxide concentra¬ 
tion. as the questionnaires become more 
remote in time from the indoor measure¬ 
ments during the final year of the study. 

For any exposure assessment scheme, the 
highest observed levels are produced by a 


process that involves both the average ex¬ 
posure level in the home and the chance 
occurrence of unusually high exposure 
events. As the number of samples and the 
duration of the sampling penod are in¬ 
creased. chance deviations in the nitrogen 
dioxide level make less of a contribution to 
the estimated annual average nitrogen diox¬ 
ide exposure level. In this study, the collec¬ 
tion of samples over a 2-week period in both 
the winter and summer provides a better 
estimate of each child’s long-term average 
nitrogen dioxide exposure than samples col¬ 
lected over a single winter week. By reducing 
the contribution of chance events to the 
exposure assessment, repeated measure¬ 
ments over an extended period reduce the 
nondifTerential misclassification of children 
with regard to exposure and. thus, the bias 
toward the null which such misclassification 
generally introduces into the effect estimate. 

Questionnaire responses are also subject 
to recall biases and nondifTerential misclas¬ 
sification. Recall bias is also suggested by 
the higher rates of the child's respiratory 
symptoms by parents with asthma or 
chronic obstructive pulmonary disease. 
However, these parental illnesses were not 
correlated with the nitrogen dioxide mea¬ 
surements and. thus, cannot bias the asso¬ 
ciations with nitrogen dioxide. Even with 
the use of a standardized questionnaire of 
respiratory sy mptoms, parents apply differ¬ 
ent interpretations of the symptom, ques¬ 
tions in reporting their children's symptoms. 
For example, the parent’s choice between 
reporting chronic cough, chronic phlegm, 
and/or bronchitis may be related to factors 
other than their child's actual symptom his¬ 
tory. Thus, it is appropriate to consider not 
only specific symptoms but also composite 
measures that combine data from correlated 
symptoms with related physiologic bases, in 
this study, the lower respiratory symptom 
complex combines data from several corre¬ 
lated symptoms that are characteristic of 
lower rather than upper respiratory tract 
illnesses, reducing misclassification between 
symptoms. 

This study provides evidence that nitrogen 
dioxide concentrations in the home arc as- 
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sociated with increased parental reporting of 
lower respirators symptoms in children. 
However, no permanent changes in lung 
airways associated with nitrogen dioxide 
were detected with standard pulmonary 
function examinations. These findings are 
consistent with reports from previous studies 
that have used indicators of indoor nitrogen 
dioxide sources other than direct measure- 
menu of indoor concentrations. The mono¬ 
tonic increase in the reporting of lower re¬ 
spiratory symptoms with the ordered nitro¬ 
gen dioxide exposure categories (table 5) 
implies that nitrogen dioxide has adverse 
health effects at levels below the current 
ambient outdoor standard of 53-ppb annual 
mean. Since the specific toxic agent may be 
a product of subsequent reaction of nitrogen 
dioxide on indoor surfaces to produce acid 
gases, future investigations of the indoor 
chemistry of nitrogen dioxide may suggest 
alternative mitigation techniques. However, 
this study suggests that a direct reduction of 
indoor nitrogen dioxide exposures would 
have health benefits: i.e.. the relative odds of 
lower respiratory symptoms would drop by 
29 percent for each 15-ppb decrease in the 
annual mean indoor nitrogen dioxide con¬ 
centration Such exposure reductions could 
come through the control of indoor nitrogen 
dioxide sources, through the removal of ni¬ 
trogen dioxide from outdoor air infiltrating 
into the home, and through the reduction of 
ambient nitrogen dioxide concentrations. 
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APPENDIX 

Imputation of indoor air quality values for a single missing season 

For the kitchen measurements of nitrogen dioxide. 1.358 (87 percent) of the restricted 
cohort of 1.567 children had at least one valid measurement in each season, and 768 (57 
percent) of these had two valid measurements in one or both seasons. An additional 196 
children had valid measurements of kitchen nitrogen dioxide for one season but had no 
valid measurements in the other season: 34 children in the winter and 162 children in the 
summer. The other sampling locations had similar patterns of missing values. For respirable 
particulates, 1.318 of the children had at least one valid measurement in each season, and 
1.277 of these had two valid measurements in one or both seasons. An additional 222 
children had valid measurements of respirable particulates for one season but had no valid 
measurements in the other season: 72 children in the winter and 150 children in the summer. 
The increase in missing values during the summer was generally due to difficulties in 
scheduling the sampling with respect to family vacations. 

The replicate measurement of each indoor pollutant in both seasons for the majority of 
the children's homes permits the imputation of values for homes with no valid measurements 
for a single season. The algorithm for computing these imputed values comprises the 
following steps. 

1) For the sample of all individuals (/ = 1 to n h n, < n f ) with two observations in a single 
season (./), calculate an estimate of the between-week variance for each season (/and /): 

siu<j> = I V: (A/, - X, l2 ) 2 /in] - 1) 

2) For each season (/ and /) and each individual (i = l to n } > nj) with at least one 
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observation in that season, calculate a seasonal mean and a seasonal bet ween-week variance: 
If two observations: X„ = (A'„i + A,,;)/2 
<t>7, = (A, ; i — A,,:)‘/4 
If one observation: X„ = A’,,, 

$ir ” Situljl 

3) For the entire sample of all individuals (/ = 1 to rf. n, > n* > n,) with at least one 
observation in both seasons, calculate a grand mean for each season (yand/): 

X = I Xjrf 

4) For the entire sample of all individuals (/ = 1 to rf. n, > n* > n,) with at least one 
observation in both seasons, calculate the slope and intercept of a prediction equation that 
will impute the seasonal mean for a season with no valid observations from the seasonal 
mean of a season with one or more valid observations (j and y'): 


S1 °pe: 7i< - y _ X ) : _ 0 : ;) 

Intercept: -f 0/ = X - -nX, 

51 For the entire sample of all individuals (r = 1 to if. n,> n * > n' ; )with at least one 
observation in both seasons, calculate the season error variance for each season (j and/): 

^ [(X,. - X.) - 7ijX_ ~ X_Hl ~ ~>X4>7- 


V (X, - X,):(X.; - X;) 


61 For each individual ( / = 1 to n°) with no valid observations in a single season (y). but at 
least one observation in the other season (/'). impute a mean and a between-week variance 
for the missing season l j): 

X„ «= (X ,j 

= (<t>7, + 

7 1 For each individual (t = 1 to n . n > «,) with at least one observation in either season: 
calculate the annual mean: 

X, = (X„ + X„ )/2 

8) For each individual (/ = 1 to n *. n > n* > n,) with at least one observation in both 
seasons, calculate an annual variance: 

yi; = (d>Ti i + e>7:)/4 

For each individual (; = 1 to >i !) with no valid observations in a single season (/). but at 
least one observation in the other season ( j'). impute an annual variance: 


= 4>; + ^1 + | 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 




s 

v 

1 

*.\V. 


CO 



CO \ 

I 



20235103S2 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 









Soderstrom, M., Hovelius, B., and Prellner, K., "Children with 
Recurrent Respiratory Tract Infections Tend to Belong to Families 
with Health Problems," Acta Paediatr Scand 80: 696-703, 1991. 

Forty-one children aged 7-11 years who had recurrent respiratory 
tract infections (RTI) treated with antibiotics as preschoolers, 
and their families were compared with regard to medical and social 
factors to families with children (n=29) of comparable age who had 
had no such infections as preschoolers, or only isolated episodes. 
The authors conclude that "the results of the present study support 
the idea that children with recurrent bacterial RTIs as preschoolers 
tend to belong to families with health problems." 
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Children with Recurrent Respiratory Tract Infections Tend 
to Belong to Families with Health Problems 

M. SODERSTROM. B. HOVELIU5 and K. PRELLNER' 1 

From the Department of. Community Health Sciences. Dalby. and the Department of 
1 Oto-Rhino-Laryngology. University of Lund. Sweden 


ABSTRACT. Soderstrom, M.. Hovelius. B. and Prellner, K, (I>epartment of Commu¬ 
nity Health Sciences. Dalby. and Department of Oto-Rhino-Lary ngology. University 
of Lund. Sweden). Children with recurrent respiratory tract infections tend to belong 
to families with health problems. Acta Paediatr Scand 80: 696. 1991. 

Children {7-11 years of age) who had recurrent respiratory tract infections (RTI) 
treated with antibiotics as preschoolers (#r = 4l), and their families were compared 
with regard to medical and social factors to families with children of comparable age 
who had had no such infections as preschoolers, or only isolated episodes (controls; 
n- 29). All the children studied had attended day-care centres as preschoolers. The 
two groups of children did not differ w ith regard to socio-economic conditions or age at 
admission to day-care centres. There was a difference in the two groups with regard to 
signs noted at physical examination (p<0.05), eardrum changes being observed in 
34 % of the children with recurrent episodes of RT1 as preschoolers and in none of the 
controls {p< 0.001). Questionnaires answered by parents indicated diseases, particu¬ 
larly cardiovascular diseases, to be significantly more frequent in the families of the 
children with recurrent RTls as preschoolers than in those of the controls (p<0.0l). 
Parents of the controls were more often satisfied w ith their own health {p< 0.05) and 
reported few er sy mptoms of minor illness {p< 0.05), as compared w ith parents of the 
children with recurrent RTIs as preschoolers. Thus, the results of the present study 
support the idea that children with recurrent bacterial RTIs as preschoolers tend to 
belong to families with health problems. Key words: respiratory tract infection, family 
health, day-care centre . 


Some preschool children seem to be exceptionally prone to recurrent respiratory 
tract infections (RTI) while others remain relatively free from such infections. A 
relationship has been suggested to exist between the frequency of RTI and a number 
of factors, such as sex and age of the child, family size (f). socio-economic status (2). 
parental smoking (3. 4). acute or persistent family stress (5) and form of day-eare 
attended by the child (6. 7). A close relationship has been found to exist between 
"child physician utilization" and "maternal physician utilization" (8). 

The aim of the study has been to assess some medical and social factors in 
families with children who as preschoolers attended day-care centres and had' 
recurrent episodes of antibiotic-treated RTI. and compare these with' a control 
group of families with children who had no such RTI or only isolated episodes. The 
assessment was done by means of a questionnaire answered by the parents, clinical 
examination of the children, and scrutiny of their medical records. 


SUBJECTS AND METHODS 

Of395 school-age children belonging to the 1975-79 birth cohorts, who had attended day-care 
centres as preschoolers (1980-82). and who had been prospectively followed owing to their 
participation in a studv of pneumococcal immunization (9). 70 children were enrolled in the 
present study which started in 1986. The children included in the immunization study were 
recruited from 66 dav-care centres in the municipalities of Lund attended by approximately 
4000 children. Children with chronic or progressive diseases or known immunological disor- 
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ders had been excluded, as had children with cleft palate. On the basis of their infection 
history during the day-care period, two age-matched groups were selected, one group, defined 
as RTI-afflicted as preschoolers (i.e.. »4 episodes of RTl treated with antibiotics during the 
years 1980-82). and a control group, where the children included were defined as non-RTl- 
afflicted as preschoolers (Le.. ^2 episodes of RTl treated with antibiotics during the 1980-82 
period, and ^2 episodes prior to their enrolment in the immunization study in 1980) 

Of the 135 children thus selected. 19 had moved from the Lund area in the interim, leaving 
116 children and their families to be invited to participate in the two-year follow-up study. 
Participation was declined in 46 cases (22 children with a high number of antibiotic-treated 
RTls and 24 with no antibiotic-treated RTl or only isolated episodes), the most common 
reasons given for non-participation being lack of time and aversion for blood, throat and 
nasopharyngeal sampling. Of the remaining 70 children 41 were included in the group of RT1- 
afflicted children (25 boys. 16 girls: mean age = 9.1 years: median age = 9 years) and 29 in the 
control group (19 boys. 10 girls: mean age = 9.0 years: median age = 9 years). They were 
invited to a phvsical examination, accompanied by one of their parents who answered a 
questionnaire. Nineteen (46%) of the RTI-afflicted children and 19 (68%) of the control group 
had been vaccinated during the immunization study with the 14-polyvalent pneumococcal 
vaccine. The difference in proportion between the groups was nonsignificant. 

Medical histories from birth to the start of the present study were collected from one or 
more of the following sources after permission from the parents: the paediatric, ear-nose- 
throat and infectious diseases clinics, local community health centres and the emergency 
reception centre. 

The physical examination included a routine check of the skin, lymph-nodes in the neck, of 
the respiratory system, and the heart. The ear-nose-throat examination included otomicros- 
copy and screening audiography (20 dB). Blood pressure was measured with a cufr of appro¬ 
priate size after 10 min of rest. Body mass index was determined. Children with cardiac 
murmur were re-examined bv a paediatric cardiologist. 

Questionnaire. Parents gave written answers to the questionnaire prior to the examination 
of their child at the community health centre. The investigator (M. S.) checked that all 
questions were answered. The questionnaire was designed to elicit details concerning family 
size, age of parents and sibling(s). length of time the children had been solely breast-fed (i.e.. 
no supplementary bottle), age at admission to day-care centres, living conditions, family 
smoking habits, socio-economic status, the educational level of both parents and current 
school situation of the child: The classification of the socio-economic status in the two groups 
was based on the occupations of the parents (10). 

The parents were asked to list any occurrence of infections, allergy, kidney disease. gastro 
intestinal disease, cardiovascular disease (hypertension, myocardial infarction, angina pecto¬ 
ris. stroke), diabetes mellitus. rheumatoid arthritis, cancer or other diseases in the family 
(parents, grandparents and siblings). They were also asked about what they perceived as 
chronic disease, among themselves, the enrolled child, and its siblings. 

The parents' attitude to their own current situation was elicited with a question concerning 
their satisfaction with their own health, current family situation, family economy, social life, 
and quality of leisure time activities. A five-point Likert scale was employed: very satisfied, 
reasonable satisfied, neither satisfied nor dissatisfied, somewhat dissatisfied, very dissatisfied. 

The occurrence of minor symptoms of illness (headache, abdominal pain, dizziness, and 
sleeping disorders) experienced by the child or the parent at least once every fortnight, were 
noted (yes or no answers). Any sick leave taken by either parent during the past twelve months 
was also reported. 

Statistical methods. Either Fisher's exact test or the Mann-Whitney's rank sum test (one or 
two-tailed, depending on the question) was used to compare data from the two groups. 




RESULTS 

Respiratory tract infections in the children. The mean number of antibiotic-treated 
RTls per child from birth to the end of the immunization study (1982) was 12.2 
(median a 13; range = 4-23; quartiles Ql=8. Q3=*15) in the RTI-afflicted 
children and 1.4 (median = 1; range = 0-4; Ql-Q3=0-3) in the control group. 
The mean number of antibiotic-treated RTls from birth to the start of the present 
study (1986) for the two groups of children were 16.7 (median = 16; range = 6-31; 
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Ql-Q3= 11-21) in the RTI-afflicted children and 2.6 (median = 2: range = 0-7: 
Ql-Q3=0.5-4) in the control group. The majority of antibiotic-treated RTls had 
been diagnosed as acute otitis media, acute tonsillitis, purulent nasopharyngitis, 
bronchitis or bronchopneumonia. One child among the RTI-afflicted; had been 
treated for a Haemophilus influenzae epiglottitis. 

Clinical findings among the children. As shown in Table I. various signs were 
observed more frequently in the RTI-afflicted children than in the controls. One 
child from the control group had a ventricular septum defect. Cardiac murmur in 16 
children was diagnosed as being of physiological origin. One of the RTI-afflicted 
children had unilateral total deafness following an episode of parotitis, and another 
had a neurogenic hearing defect. No hearing impairment was found among the 
remaining children. There was no difference in systolic/diastolic blood pressure 
between the group of RTI-afflicted children as preschoolers and controls (109/60 
(SD = 10/11) and 109/59 (SD = 9/14). respectively). Body mass index was 
identical: 16.8 (kg/m : ) (SD = 2.2) for both groups. 

Familial and social factors. The questionnaire was generally answered by the 
mother, in 35 (85 %) of the cases in the RTI-afflicted group and in 26 (89%) of the 
cases in the control group. The two groups differed little with regard to family 
characteristics (Table 2). The mean age of parents in both groups was equal. Most of 
the children were living in single-family dwellings (private houses). Two families 
with RTI-afflicted children had changed their living conditions since 1982 because 
of the illness of their children and had moved to the countryside. Ten children 
belonging to the RTI-afflicted group, compard to none in the control group 
(p<0.01). had shifted from day-care centres to family day-care or home care during 
the preschool years, in two cases the reason being the child's recurrent RTls. For the 
remaining children the reason was a change in the family situation, e.g.. a baby was 
bom into the family. One child among the RTI-afflicted and two of the controls 
required special assistance at school in such basics as reading, writing and math¬ 
ematics. 

Family health. Significantly more diseases, particularly cardiovascular diseases. 


Table 1. Signs noted at routine physical examination of school-age children with a 
history of recurrent respiratory tract infection (RTI-afflicted as preschoolersj as 
compared with controls 


Signs 

RTI-afPicted 
n=41 (%) 

Controls 
*=29 (%) 

Di(Terence J 

Enlarged tonsils 

9(22) 

2 (7) 

NS 

Sclerotic pUque. scarred 
eardrum(s) or tympanostomy 
tubes 

14(34) 

0 

p< 0.001 

Palpated lymphoglandulae 
in the neck 

14 (34) 

9(31) 

NS 

Pulmonary ronchi. auscultatory 
abnormalities 

7(17) 

3(10) 

NS 

Cardiac murmur 

11 (27) 

6(20) 

NS 

Eczema, atopic skin 

8 (20) 

3(10) 

NS 

Any combination of the above 

30 (73) 

13 (45) 

p< 0.05 


‘ Fisher’s exact test (two-tailed). 
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were reported in the families of RTl-afflicted children than in those of controls 
(Table 3). Hypertension was reported in 19 grandparents of the RTl-afflicted and in 
5 grandparents of the control children. Angina pectoris/mvocardial infarction was 
reported in 30 grandparents of the RTl-afflicted children and in 10 of the control 
children; respectively. Three parents of RTl-afflicted children, but none of the 
parents of controls, reported themselves to be suffering from a chronic disease 
(malignant melanoma, leucopenia with recurrent infectious diseases, and spondylo¬ 
sis). Siblings of five RTl-afflicted children were reported to have a chronic disease, 
as compared with two siblings of controls (NS; Fisher’s exact test, one-tailed). 

Parents of the RTl-afflicted children were less satisfied with their own health than 
were parents of controls (p — 0.03; Mann-Whitnev rank sum test', one-tailed). 
Nineteen (66%) parents of the controls described themselves as very satisfied with 
their health, as compared with 17 (41 %) of the parents of RTl-afflicted children. 
There were no differences between the groups with regard to the remaining com- 


Table 2. Social and demographic factors relating to children (7-II years of age) with 
a history oj recurrent respiratory tract infections as preschoolers (RTI-aftlicted) as 
compared with controls 



RTl-afflicted («=4I) 
n (%) 

Controls («=29) 
n <%) 

Difference 

Family characteristics 

Average family size (per.) 

4.1 <SD=0.6> 

4.2 (SD = 0.8) 

NS 

No. of first-born children 
in group 

22 (54) 

10(35) 

NS 

No. of single children 
in group 

7(17) 

2(7) 

NS 

Divorced/non-divorced 

4/37 

4/25 

NS 

Socio-economic characteristics 
Father 

Manual worker 

4(10) 

8 (28) 

NS 

Non-manual employee 
or self-emploved 

37(90) 

21 (72) 

NS 

University educated 

32 (78) 

13 (45) 

/xO.Ol 1 

Mother 

Manual worker 

10(24) 

5(17) 

NS 

NOn-manual employee 

31 (76) 

24 (83) 

NS 

University educated 

23 (56) 

17(59) 

NS 

Living conditions 

Single-family house 

35 (85) 

26(89) 

NS 

Building constructed 
after 1974 

21 (51) 

10(35) 

NS 

Other factors 

Father currently a smoker 

11 (27) 

7(24) 

NS 

Mother currently a smoker 

4(10) 

9(31) 

p <0.05 

Smoking at home 
> $ cigs/day 

8 (20) 

7(24) 

NS 

Breast-fed only (months) 

3.6 (SD=2.6) 

3.7 (SD=2.9) 

NS 

Average age (months) at admis¬ 
sion to day-care centre 

21.5 (SD= 13.4) 

23.8 (SD= 16.5) 

NS 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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mon matters (work, current family situation, social life, and quality of leisure time 
activities). 

The number of parents who stayed at home sick at least once during the previous 
twelve months did not differ significantly between the two groups (28% and 20% of 
the RTl-afflicted and control groups, respectively). Both parents had stayed at 
home sick in 5 of 37 < 14%) families of RTI-afflictedchildren. as compared w ith 1 of 
25 (4%) families of controls (NS: Fisher's exact test, one-tailed). 

Reported symptoms of minor illness (Table 4) were more frequent among parents 
of RTl-afflicted children than among those of controls. 


Tablb 3. Number of relatives (parents . siblings- and grandparents) uiih diseases, as 
reported by parents to 41 RTl-afflicted children as preschoolers and 2T children in a 
control group 



Number of relatives in 




RTl-afflicted 

Control 



group (>r=293) 

group ft = 195 


Type of disease 

»(%) 

n (%) 

p-v alue^ 

Infectious diseases 

20(7) 

5(3) 

0.36 

Allergic diseases 

Rheumatoid arthritis 

40(14) 

17(9) 

0.31 

and other immunological 
diseases 

11 (4) 

4(2) 

0.46 

Cardiovascular diseases 

51 (17): 

17(9) 

0.009 

Diabetes mellitus 

7(2) 

Id) 

0.45 

Cancer 

Any combination of 

7(2) 

2(1) 

0.47 

the above 

117(40) 

39 (20) 

0.002 


" Two adopted children excluded. 
h Mann-Whitney rank sum test, two-tailed. 


Table 4. Symptoms of minor illness occurring relatively often (at least once a 
fort night} in parents (?) and children (C). as reported by parents of 41 RTl-afflicted 
children as preschoolers and 29 controls. (Figures given are number of instances, with 
percentages in brackets.) 


Symptoms 

RTl-afflicted 


Controls 



P 

c 

P 

C 


n = 40" 

n = 40" 

« = 29 

ft = 29 


n(%) 

»•(%) 

n (%) 

"<%) 

Headache 

12 (30) 

5(13) 

5(17) 

2(7) 

Abdominal pain 

7(18) 

5(13) 

1 (3) 

1 (3) 

Insomnia 

3(8) 

0 

l (4) 

3 (10) 

Dizziness 

2(5) 

0 

0 

0 

Any combination 





of the above 

19(48)'’ 

7(18) 

7(24)'' 

4(14) 


° One parent declined to answer these questions. 
h p< 0.05 (Fisher*s exact test, one-tailed). 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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DISCUSSION 

The present results suggest that children who have suffered from recurrent bacterial 
RTIs as preschoolers belong to families in which morbidity is high and health 
problems generally prevalent. This might be a reflection of environmental factors 
and/or genetic predisposition, involving increased susceptibility both to RTI and to 
other diseases. The tendency to report symptoms of minor illness and take sick 
leave more often in the families with a RTl-afflicted child than in those of the 
! ! controls lends additional support to the conclusion that children who had reccurent 
bacterial RTIs as preschoolers belong to families with health problems. 

It may be argued that the method used did not select children who had recurrent 
RTI only, but also included children using the medical services frequently for other 
reasons. However, 80% of the children's physician attended visits 1980-82 were 
made to one of two experienced ear-nose-throat doctors, which supports the as¬ 
sumption that the majority of the episodes treated with antibiotics were of bacterial 
etiology. Furthermore, the ear drum changes found in 34% of the children defined 
as RTI-afflicted as preschoolers may be regarded as sequelae of otitis media, which 
suggests that these children had had bacterial infections to a higher extent than had 
the controls. 

As all the children studied attended day-care centres as preschoolers, they had 
had similar opportunities to be exposed to contagious agents. Other studies have 
shown that younger children attending day-care centres contract more infections 
than do older ones (6, 7, 11), which is also true of children'not attending day-care 
centres (I). As the average age at admission do day-care centres did not differ 
between the two groups, this factor hardly explains the difference in the frequency 
of RTI. In a recent study. Harsten et al. (12) found that the child’s age at the initial 
episode of acute otitis media, and not his or her attendance at day-care centres 
seemed to be the major indicator of susceptibility to recurrent otitis media. 

Despite the selected character of our study populat ion, the social background was 
largely the same for the RTI-afflicted children and the controls, and typical of 
families with children attending day-care centres in Sweden (13). 

The smoking habits of parents, particularly those of mothers, have been related to 
both upper and lower RTI and to impaired pulmonary function among their 
growing children (3, 14). In the present study, however, fewer of the mothers of 
RTI-afflicted children were still smokers than were mothers of controls. The habit 
of smoking has been reported to have declined among educated people in Sweden in 
recent years (15). Thus, the mothers of children defined as RTI-afflicted as pre¬ 
schoolers in our study may have changed their smoking habits owing to their child's 
susceptibility to RTI, while the need to stop smoking might not have appeared as 
urgent to the mothers of controls. Accordingly, the effect of passive smoking on the 
frequency of RTI during the day-care period of the children could not be evaluated. 

The impact of pneumococcal vaccination is another factor possibly affecting 
susceptibility to RTI (9). The difference between the groups concerning number of 
children immunized and of those given placebo was non-significant in the present 
study, but the percentage of immunized children was somewhat higher in the 
control group. The immunization study showed a reduction in the overall frequency 
of upper RTI in children older than two years at vaccination (9). 

In this study, we found diseases to be more frequent in the families of children 
who had been RTI-afflicted as preschoolers than in those of controls, which may 
indicate that genetic factors play a role. Familial aggregation, both of cardiovascular 
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diseases, cancer and otitis media has been reported (16. 17, 18* I9)i Our findings 
seem to support the assumption that some families are more vulnerable than others 
to disease. According to Huvgen's (20) experience from his family practice during 
30 years, families do not only differ in their readiness to call for professional 
medical help, but also in their readiness to fall prey to all kinds of diseases. 

All parents, except those of the adopted children, answered the questions con¬ 
cerning diseases in the extended family. It might be argued, however, that the 
reliability of the information about family health, usually provided by the mothers, 
might have differed between the groups of parents. A family with a child suffering 
frequently from bacterial RTIs may have more occasions to consider or discuss 
diseases, not only that of the child but also those of other members of the family; 
thus such parents might tend to report family disease history more exhaustively 
than parents of healthy controls. Mothers of low socio-economic status tend to 
apply a selective censorship when informing about family health (21). As the social 
background was equal among mothers in both groups we found no reason to believe 
that the accuracy of information given concerning family health would differ. 

Another important aspect is the consequences of recurrent RTIs. Even if several 
of the RTI-afTlicted children had suffered many episodes of acute otitis media 
affecting the eardrums, they manifested no hearing impairment for that reason and 
were doing well at school, findings supported by some studies indicating that 
recurrent otitis media do not result in lasting developmental impairment (22). 

In conclusion, we found recurrent antibiotic-treated RTIs in the children studied 
to be more related to the prevalence of health problems in their respective families 
than to social or demographic factors. As some families are more vulnerable to 
diseases than others, it seems to be valuable for the physicians to be attentive to the 
health problems in the family of a child consulting for recurrent RTIs. 
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and Human Health Impacts: Pulmonary Function Changes in Children 
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The authors of this study investigated respiratory function in 313 
children (including 26 with asthma) exposed to particulate matter 
from woodsmoke emitted from woodburning stoves during two heating 
seasons. The authors stated that "this analysis clearly indicates 
that increases in air pollution are associated with declines in 
children's pulmonary function" and that "there is growing evidence 
that exposure to constituents of wood smoke affect pulmonary 
function in young children." The authors reported that the 
associated effects were "far greater" in asthmatic children than 
in nonasthmatic children. Removing children reportedly exposed to 
parental smoking did not change the analysis. 
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Air pollution composed of fine particulate matter may be a 
risk factor for decreased lung function and increased prevalence 
of respiratory disease symptoms, especially in young children 
under 12 years of age. For instance, a two year study of the 
relationship between pulmonary function changes in third and 
fourth grade children and air pollutant alerts in Steubenville, 
Ohio, found a decline in pulmonary function tests associated with 
increasing 24-hour concentrations of total suspended particulate 
matter (TSP) * Peak values of TSP ranged from 27 pg/m^ to 422 
pg/m^. The pulmonary function declines were small but persisted 
for up to two weeks. Similar findings were reported from the 
Netherlands in a study of children aged 6-11 years before and 
during an air stagnation episode 2 . Data reported by Ware and 
associates 8 show increased respiratory symptoms in children aged 6 
through' 9 years exposed chronically to elevated levels of 
carticulate matter (as well as sulfur dioxide). 

The sources of particulate matter in the above studies were 
mainly industrial and automotive. Another growing source of 
particulate matter in residential neighborhoods is wood burning 
stoves and fire place inserts. Many communities, including 
Seattle, have geographical areas with high concentrations of fine 
particulate matter from wood burning during the winter heating 
season. There is wide-spread concern that this source of air 
pollution may cause or aggravate respiratory illness. 

Studies in the US have explored the relationship between wood 
smoke and health. Honicky and co-workers 4 conducted a survey 
study of 31 preschool children who lived in homes using wood 
stoves and 31 children whose homes had no wood stoves. A 
significant increase in severity of respiratory symptoms was seen 
in the exposed children. Butterfield et al. 8 also found increased 
symptoms, especially wheezing, in children living in> homes with 
wood stoves. The use of a wood-burning stove was found to be a 
risk factor for lower respiratory tract infection' in American 
Indian children6. 

The evidence is not completely consistent, however. Tuthi11 
et al. 7 found no association between wood stove usage and symptoms 
;: respiratory disease. A limitation of prior research is that 
r.cr.e of the above studies provided either indoor or outdoor air 
monitoring: data. 

Larson et al. 8 measured particulate matter less than 10 
micrometers (PMtq) emitted by wood burning devices for three 
heating seasons at a residential site in north Seattle. Due to 
:ne topography of the city, some areas along creek drainages have 
r-rte high accumulations of PMiq on clear nights, whereas nearby 
areas cn ridges have 2-3 times lower concentrations. A 
questionnaire- study conducted in both these areas suggested that 
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young children aged 1-5 years living in the high wood smoke area 
had a pattern of more respiratory symptoms and disease than 
similar children living in the less polluted area^. Im order tc 
evaluate further possible respiratory effects on children!, we 
conducted repeated spirometric measurements in young children 
differentially exposed to wood smoke during two heating' seasons. 
Statistical analysis clearly indicated a strong association 
between light scattering coefficient, a surrogate of PM 10 v and 
declines in pulmonary function. This was true for all children, 
but the association was much stronger in children with asthma. We 
conclude that exposure to fine particulate matter frcm wood 
burning stoves in residential neighborhoods causes decreased 
pulmonary function in young children. A preliminary report of 
these data was presented last year 10 . 

The study extended over two heating seasons, 1998-09 and 
1989-90. The subjects during the first study year were 313 
children, including 26 with asthma, from two participating 
elementary schools drawn from the target area. During the second: 
study year, only 26 children with asthma were studied. Fourteen 
of these asthmatics had been studied in year one; the remaining 12 
children had either graduated to seventh grade or moved from the 
schools. Consent forms describing the study were sent home with 
all third through sixth grade children. In the first year, all 
children who returned a signed consent were studied; in year two, 
all asthmatics whose parents consented were studied. Table 1 
summarizes pertinent characteristics of the children. 

Questionnaires were sent to nonparticipants to determine 
whether they differed as a group from participants. 

Nonparticipants mainly did not enter the study because they did' 
not receive the form* There were no differences regarding 
parental smoking, presence of asthma, or household use of a wood 
heat between the two groups. 

Spirometry was measured in each school during; morning recess 
or the lunch hour on four occasions. From these records forced 
expiratory volume in one second (FEVj) and forced vital capacity 
(FVC> were calculated. Height was measured at each period; and 
the child was asked if he or she had been ill during the preceding 
week. Information on parental smoking, the presence of a wood 
stove in the home, allergy, or asthma were obtained on the consent 
form. Baseline lung function measurements prior to the heating 
season were conducted in September. The lung function 
measurements were gathered again in the first week of December, 
and third week of February, and the third week of May. During 
year two, additional measurements were made in December 1989 and 
in January 1990. 

The spirometers used were three OHIO 822s and: one 
vitalograph. Even though the Vitalograph spirometer was 
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computerized, all tracing were hand calculated to be comparable 
with the manual spirometers. Each child was asked to perform three 
acceptable tracings. The best FEVi and FVC from each record was 
used. All values were converted to standard body temperature 
pressure saturated (BTPS) values. 

Air monitoring data during the first study year were 
collected with integrating nephelometers at three sites, one each 
in the high and low wood smoke areas and one intermediate site. 
Also filter samples collected using Harvard-EPRI samplers with 2.5 
pm inlets. Light scattering coefficient (b S p) has been' shown to 
be highly correlated with PMio at these residential locations 

(r^ *.9)8. For the statistical analysis, the nephelometer record 
from the high wood smoke site for the day preceding each 
functional measurement period was used. A random effects model 
for repeated measures was selected for studying the relationship 
between b S p and FEVi or FVC. The model is based on the method 
described by Laird and Ware 11 and was carried out by the 
Restricted Maximum Likelihood Estimation (REML) program obtained 
from the Harvard School of Public Health. The logarithmic 
transformation was performed on the light scattering (b s p) data 
before model fitting in order to alleviate the skewness of the b sp 
distribution. Since each child acts as his/her own control ini the 
growth curve models, no adjustments for individual characteristics 
(e.g. height, gender) are necessary. 
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Air monitoring data from the high wood smoke area show that 
the average PMio from November, 1988 to March, 1989 in the first 
study year was 44 pg/m 3 - During the second study year, there were 
frequent windy days and the average PMio w as lower, 38 pg/rn 3 . The 
average light scattering values during the first and second 
heating seasons for the day preceding lung function measurements 
were 2.46 and 0.81 X 10 -4 respectively. 

Table 1 shows the grade distribution of the 343; children who 
participated in study. The table also shows the number of 
children with asthma, allergy, parental smoking^ and ; household use 
of wood heat. 

The estimates of the population slopes for b S p versus FEVii 
and FVC are shown in Table 2. Because of significant interactions 
between asthmatic status and the slopes, separate results are 
presented for asthmatic and nonasthmatic children. All slopes are 
significant with greater significance found for values from 
children with asthma. The relationship between FEVi and FVC and 
light scattering is significant at the 1% and 5% level 
respectively. The results for children with no parental smoking, 
not shown here, were similar to those of all children, indicating: 
that parental smoking was not a confounding factor. 
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Table 1. 


Characteristics of the Children 
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Table 2. Estimates of slopes for FEVi and FVC versus 
light scattering coefficient. 

Asthmatics Nonasthmatics 

FVC 

-0.032 
0.010 

- 3.19* 

* p = 0.01 level 
#. p = 0.05 level 


Slope estimate 
(Liters) 
Standard error 
Slope/std error 
(Liters/(10-^/M) 


F£V 1: 

-0.099 

0.026 

-3.,401* 


FVC 

- 0 . 09-7 

0.025 

-3.96* 


FEVi 

-0.026 

0.011 

-2.35# 


Discussion 


This analysis clearly indicates that increases in air 
pollution 1 are associated with declines in children’s pulmonary 
function. In addition,these effects are far greater for asthmatic 
children than for nonasthmatic children. There is growing 
evidence that exposure to constituents of wood smoke affect 
pulmonary function in young children. The pollutants emitted 
into the air when wood^ is burned are products of incomplete 
combustion. In this regard, wood smoke resembles environmental 
tobacco smoke, for which numerous studies have shown deleterious 
effects on respiratory health of children 1 ^ Both pollutants 
contain, nitrogen oxides, carbon monoxide, benzo(a)pyrene, 
aldehydes and various polycyclic aromatic hydrocarbons 2 ^. j n the 
present study, the fine particulate matter portion of wood smoke 
pollution (b S p), which was found to be highly associated with 
depressions in pulmonary function over the heating season. 

However, it is possible, that fine particulate matter is not the 
only constituent of wood smoke which is a respiratory irritant. 
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There is one report of considerable acidity in wood smoke 
particles 14 . A recent study in the Seattle air shed measured 
hydrogen ion from filters placed in the high wood smoke area of 
our health effects study 1 ' 5 . There is evidence that fine particles 
in the form of sulfuric acid cause decreases in pulmonary function 
in adolescent asthmatic subjects after a brief 45 minute 
exposure 1 ®. Therefore it is biologically plausible that aerosol 
acidity was responsible for the effect seen in this study. 

In studies of associations between air pollutants and 
respiratory health, it is aliways possible tnat some confounding 
variables are biasina the outcome. Our analysis indicated that 
removing data from children exposed to parental smoking did net 
change the analysis. 

Another important result of this study, is the increased risk 
from community poilut: ion attendant to children with asthma. Table 
3 shows that the associations between b s p and both FEVy and FVC 
changes are much stronger for children with' asthma than for their 
nenasthmatic peers. Other studies of the effects of community air 
pollution on respiratory health in children! also have suggested 
increased susceptibility among asthmatics. Dockery and co~ 
workers 1 ' reported that chronic cough, bronchitis and' chest 
illness were positively associated with fine PM, including fine 
sulfates, in a group of children studied in the Harvard Six City 
Study. Although the association between PM and symptoms in 
asthmatic children was not significantly different from the 
nonasthmatic children, the authors concluded there was a stronger 
association!. With' regard to pulmonary, function. Stern and' 
others 1 ® reported significantly lower FEVy and FVC values in 
children aged 7-12 when comparing two communities with different 
levels of air pollution,. They also saw a significant rel'ationsh.ip 
between air pollution and wheeze, and a significant relationship 
between use of a gas cooking stove and asthma. 

Since the air monitoring period chosen in this study was the 
evening before the pulmonary function measurements for each child:, 
our results most likely indicate an acute effect of the air 
pollutant rather than a chronic one. 

We conclude that the airborne concentration of fine 
particulate matter measured by light scattering in a wood: burning 
community Is strongly associated with retardation in pulmonary 
function growth in children exposed during a winter heating 
season'. Further more, the relationship is strongest for chilrre:. 
with asthma. 
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Factors for Respiratory Syncytial Virus-associated Lower Respiratory 
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Epidemiology 133(11): 1135-1151, 1991. 

The authors performed a study of 1,179 healthy infants to examine 
the possible relationship between breastfeeding and other factors 
to the incidence of respiratory syncytial virus-associated lower 
respiratory tract illness (RSV-LRI) in the first year of life. 
For children between the ages of 1 and 3 months, the risk of having 
an RSV-LRI was associated with <l-month or no breast feeding, male 
sex, and increasing numbers of others sharing the child's bedroom. 
After multivariate analysis, only male sex and number of others 
sharing the bedroom remained as significant direct effects. Daycare 
attendance was reportedly a significant risk factor in the 7 to 9 
month age group. The authors reported that "those with lower cord 
serum RSV antibody, who also have minimal breast feeding, were 
found to be especially at risk for RSV-LRIs in the first five months 
of life." 
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Risk Factors for Respiratory Syncytial Virus-associated Lower 
Respiratory Illnesses in the First Year of Life 


Catharine J. Hoiberg, 1 Anne L. Wright. 1 * 3 Fernando D. Martinez. 1 * 3 C. George Ray, 2 " 4 
Lynn M. Taussig, 1 ' 3 Michael D. Lebowitz. 15 and Group Health Medical Associates 6 


The relation of breast feeding and other factors to the incidence of respiratory 
syncytial virus-associated lower respiratory tract illness (RSV-LRI) in the first year of 
life is examined. The study population is 1,179 healthy infants enrolled at birth between 
May 1980 and January 1984 into the Tucson Children s Respiratory Study, Tucson; 
Anzona. Each subject's data were assessed at each month of age during the first year 
of life, dunng those months when respiratory syncytial virus was isolated. A number of 
significant relations were observed, particularly between 1 and 3 months of age. At this 
age, the risk of having a RSV-LRI increased in association with <1-month or no breast 
feeding, with being male, and with increasing numbers of others sharing the child’s 
bedroom. In multivanate analysis, only sex and the number of others sharing the room 
remained as significant direct effects. However, a significant interaction demonstrated 
that breast feeding has a protective role in relation to RSV-LRIs for those infants of 
mothers with a lower education level. The risk of having a RSV-LRI increases with 
combinations of risk factors. Being in day care was a significant risk factor in the 7- to 
9-month age range. The RSV-LRI rate also varies by birth month. A separate case- 
control study assessed relations of RSV-LRIs with cord serum RSV antibody. Those 
with lower cord serum RSV antibody, who also have minimal breast feeding, were 
found to be especially at nsk for RSV-LRIs in the first 5 months of life. Am J Epidemiol 
1991;133:1135-51. 

breast feeding; bronchiolitis; respiratory syncytial viruses; respiratory tract infections; 
risk factors 


Respiratory syncytial virus (RSV) is a ma¬ 
jor cause of serious life-threatening illness of 
the lower respiratory tract in infancy (1). It 
is responsible for yearly epidemics, of ap¬ 
proximately 5-month duration, which are 


closely associated with an increase in the 
numbers of infants and young children hos¬ 
pitalized with lower respiratory tract ill¬ 
nesses (LRI) (2). 

While a variety of risk factors have been 
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shown to be related to RSV infection (3, 4), 
these factors have not always been examined 
concurrently or on a monthly basis. Risk 
factors studied include sex. ethnicity, num¬ 
ber of siblings and crowding, socioeconomic 
status, birth weight, maternal smoking, sea¬ 
sonality and birth month, and other social 
and family factors. 

A protective effect of breast feeding 
against hospitalization due to RSV infection 
has been demonstrated by some studies (5). 
However, this effect has not always been 
statistically significant when controlling si¬ 
multaneously for a number of confounders 
(4). No significant differences were found, 
in a nonhospitalized population, in the rates 
or distributions of infection with RSV in 
relation to feeding practices (6): however, 
trends toward decreased morbidity in the 
breast-fed group were present, especially in 
the early months of life. These effects have 
also been shown to vary with infant age and 
the amount and exclusivity of breast feeding 
(7-10). 

A number of studies have shown an in¬ 
verse relation between severity of RSV in¬ 
fection and levels of antibody in sera col¬ 
lected near the time of onset of illness (3, 
11). Additionally, higher antibody titers at 
birth are associated with an older age at the 
time of infection (3) and lower rates of RSV 
infection in the first 6 months of life (12), 
Some studies, such as that by Toms et al. 
(13), suggest that maternal antibodies may 
act indirectly by protecting the mother and, 
hence, reducing the risk of viral transmission 
to the infant in the first month of life; others 
would suggest a more direct role for mater¬ 
nal antibody (14). Also, human colostrum 
has been shown to contain neutralizing ac¬ 
tivity against RSV in vitro (5, 15). Con¬ 
versely, results of trials of inactivated RSV 
vaccine in infants have led to the suggestion 
that antibodies against some components of 
RSV may be involved in the pathogenesis of 
severe bronchiolitis (12, 16). However, the 
relations of breast feeding or breast milk and 
cord serum antibody titer to RSV infections 
have not been examined concurrently in a 
community population of infants. 

We have examined many of these factors 


in the Tucson Children’s Respiratory Study. 
The Children’s Respiratory Study is a pro¬ 
spective study of respiratory illness in child¬ 
hood, investigating the risk factors for and 
sequelae of acute LRls in a large cohort of 
infants followed from birth (17, 18), The 
aim of the present investigation is to exam¬ 
ine, prospectively, in this predominantly 
outpatient population of infants the possible 
interrelations of breast feeding. RSV anti¬ 
body at birth, and other factors (sex. eth¬ 
nicity, maternal education, the number of 
others sharing the child’s room, maternal 
smoking, and day care) to the incidence of 
respiratory syncytial virus-associated lower 
respiratory tract illnesses (RSV-LRIs) in the 
first year of life. 

Two approaches are used in our analyses: 
1) In the total population, relations are as¬ 
sessed between RSV-LRIs and all risk factors 
considered, except cord serum RSV anti¬ 
body level; and 2) questions relating to cord 
serum RSV antibody level are addressed in 
a subpopulation using a case-control study 
design. 

MATERIALS AND METHODS 
Total population study 

The study population consists of 1.179 
healthy infants, enrolled at birth into the 
Tucson Children's Respiratory Study be¬ 
tween May 1980 and January 1984. and 
includes illnesses observed until December 
1985. Eligible participants were those who 
planned to use the pediatricians of the largest 
local health maintenance organization in 
Tucson. This number (1,179) represents 
those who were followed by the health main¬ 
tenance organization pediatricians during all 
or part of their first year of life. Children 
were given a follow-up time of 12 months if 
parents stated they still used the health 
maintenance organization pediatricians on 
a follow-up questionnaire completed in the 
child’s second year of life (1.6 ± 0.35 (mean 
± standard deviation) years), or if the child 
was seen for a “well-baby” visit between 12 
and 15 months. Other children are assigned 
a follow-up time based on their age at their 
last recorded well-baby visit. 
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All LRIs were diagnosed by the pediatri¬ 
cians. at the time of the office visits for the 
illnesses, according to criteria agreed upon 
by the pediatricians and the investigators 
(17). Nasopharyngeal and throat specimens 
were collected at the time of the LRI for 
viral cultures and for examination by im- 
munofiuorescent techniques to detect the 
presence of RSV and other viruses (18). An 
episode was considered to be RSV positive 
if either culture, immunofluorescence, or 
both were positive. 

Information concerning duration of 
breast feeding in the first year of life was 
derived from a combination of data from 
two sources: prospectively from well-baby 
visits and retrospectively from question¬ 
naires completed by parents when enrollees 
were in the second year of life (19.20). There 
was excellent concordance (90 percent) be¬ 
tween the two sources. Priority was given to 
the prospective data that were used for 72 
percent (705/982) of those with information 
from either source. There were 197 (16.7 
percent) infants with insufficient or no in¬ 
formation from either source. Duration of 
breast feeding from both sources was 
grouped into the following categories: none, 
<1 month, 1-3 months. 4-6 months, and 
>6 months. 

Exclusive breast feeding was distinguished 
from breast feeding in combination with 
milk and/or formula using the following 
categories derived from questions asked pro¬ 
spectively at the 2-month well-baby visit: 
breast feeding only at 2 months, breast feed¬ 
ing plus formula at 2 months, and no breast 
feeding at 2 months (milk or formula only). 
Similar variables were derived from infor¬ 
mation collected at the 4-, 6-, 9-, and 12- 
month well-baby visits. Information on 
other factors considered in this analysis 
came from questionnaires completed by the 
parents at enrollment: maternal education 
(S12 years, >12 and sl6 years, and >16 
years); the number of persons sharing the 
same bedroom as the child (none, one, and 
two or more persons); birth month (Decem¬ 
ber to February, March to May, June to 
August, and September to November); sex; 
maternal ethnicity (Anglo and others); and 


maternal smoking. Information obtained in 
the second year of life questionnaire as to 
whether or not a child spent >9 hours per 
week in day care was also considered. 

Statistical analysis. The percentage of 
RSV-positive LRIs with respect to all LRIs 
studied virologically was calculated for each 
month during the entire study period (from 
May 1980 to December 1985). Data from 
those months during the study period when 
RSV was isolated were used for subsequent 
analysis. Since RSV occurs in epidemics, 
these were the months when infants were 
considered at risk for RSV-LRIs. During 
these months, the appropriate status was 
assigned to each subject for each month of 
age in the first year of life, within a subject's 
follow-up period, e.g., RSV-positive LRI. 
RSV-negative LRI, no RSV virologic study 
done, or no LRI. Only the first RSV-LRI 
episode was considered, and subjects were 
excluded from analyses in subsequent 
months following a RSV-LRI. For calculat¬ 
ing incidence measures, RSV-negative LRIs 
and those for which no virologic data were 
obtained were ultimately combined with 
cases with no LRI. If any of these cases are 
misclassified, the resulting bias would be 
toward the null hypothesis of no effect. 
There were 31 LRIs with no virologic infor¬ 
mation, including three in the 1- to <3- 
month age range; removing these from anal¬ 
yses did not affect the results. In addition. 
56 infants were excluded as their follow-up 
times in the first year of life did not include 
a RSV season. 

Two parameters were derived from the 
data. 1) Person-time incidence rates (21) 
expressed the rate of first RSV-associated 
LRIs per 1,000 person-months at risk, cu¬ 
mulated by month of age both overall and 
for factors of interest. The following equa¬ 
tion calculates the person-time incidence 
rate at month m, where m is from I to 12 
months. 


Rate at month m - 

no. of RSV-LRIs (0-m months) ^ ^ 
no. of person-months (0-m months) 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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This measure gives an overall cumulated 
rate per 1,000 per month up to each month 
of age in the first year of life. Plots show this 
rate on the ordinate. 2) Incidence rates per 
100 children at risk for RSV-LRIs were cal¬ 
culated for each month of age, both overall 
and for subcategories of the factors of inter¬ 
est. in order to evaluate effects by month of 
age in the first year of life. 

These incidence measures may frequently 
be referred to as attack rates, since the pop¬ 
ulation is at risk for RSV-LRIs only during 
the limited time period of the RSV epidemic 
( 22 ). 

The statistical significance of associations 
and trends between the various factors and 
the incidence by month of age was assessed 
bivariately using the x 2 distribution with 
Yates’ correction where appropriate. Rela¬ 
tive risks (RRs) were computed as follows. 

% with RSV-LRIs among 
RR _ those with risk factors 
" % with RSV-LRIs among 
those without risk factors 

Also calculated were 95 percent confidence 
intervals (Cl). Kendall's tau (one-tailed) was 
used as a nonparametric measure of corre¬ 
lation or trend. Data were also evaluated in 
2-month intervals, where rates were similar 
by month. Additionally, variables were com¬ 
bined to assess relative risks of a combi¬ 
nation of risk factors. To assess multi¬ 
variate effects, log-linear modeling was done 
using saturated models, and partial x 2 statis¬ 
tics were computed to determine statistical 
significance of effects at an a-level of 0.05. 
The partial x : is the difference between the 
goodness-of-fit test statistic (likelihood-ratio 
x 2 ) with and without the term or effect being 
tested. It also has a x 2 distribution (one- 
tailed) and can be used to test the hypothesis 
that the effect is zero (23). Adjusted odds 
ratios (OR) were derived from the model 
coefficients. 

RSV antibody case-control study 

The case-control study was limited to the 
larger group of infants of Anglo maternal 
ethnicity. RSV-positive LRIs were identified 


in 135 infants with follow-up times of 1 year. 
94 of these were of Anglo maternal ethnicity. 
The latter were matched with Anglo infants 
for sex. and month of birth with infants who 
were also followed for the entire first year, 
but with no LRI. Cord sera were avaiiable 
on 86 matched pairs of Anglo infants who 
also had breast feeding information. 

The level of RSV antibody in cord sera 
was determined as previously described (24). 
Initial 1:10 serum dilutions were prepared 
in phosphate-buffered saline with subse¬ 
quent 1:20-1:640 serial dilutions. Sera were 
overlaid onto wells containing RSV-infected 
and -uninfected, acetone-fixed cells and 
incubated at 35-37*C for 30 minutes. 
Wells were washed twice for 5 minutes in 
phosphate-buffered saline and then overlaid 
with appropriately diluted fluorescein 
isothiocyanate-conjugated goat anti-human 
immunoglobulin G (heavy and light chain 
specific); They were incubated at 35-37*C 
for 30 minutes and subsequently washed 
twice in phosphate-buffered saline. Buffered 
glycerol was used as the mounting medium, 
and wells were examined with a Zeiss epiflu- 
orescence microscope for specific granular 
cytoplasmic fluorescence >1+ in intensity 
to determine the end-point dilution. 

Statistical analysis. Odds ratios were cal¬ 
culated both for single factors and while 
controlling for other factors by stratification. 
Mantel-Haenszel estimates of adjusted odds 
ratios and 95 percent confidence intervals 
were calculated (25). Logistic regression was 
also performed to provide odds ratios while 
controlling for other risk factors. 

All statistical analysis used SPSSX or 
SPSS-PC software and custom programs. 

RESULTS 

Total population study 

Of a total of 460 LRIs in the first year of 
life, 12 (2.6 percent) required the infant to 
be hospitalized, and 375 (82 percent) had 
virologic studies. There were 148 (39.5 per¬ 
cent) episodes positive for RSV, including 
five repeat RSV infections that were ex¬ 
cluded from analysis. Of the 143 remaining 
RSV-positive LRIs, 123 (86 percent) were 
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diagnosed as bronchiolitis, and 121 (84.6 
percent) were associated with wheezing on 
examination, the majority (94 percent) of 
which were bronchiolitis. Information from 
a nurse-administered parental questionnaire 
at a convalescent visit indicated that the 
duration of illnesses ranged from <1 week 
(7 percent) to >3 weeks (18 percent), with a 
maximum frequency of 32 percent of ill¬ 
nesses lasting 7-10 days. Two cases diag¬ 
nosed as bronchiolitis were hospitalized. In 
addition, there were 67 other LRIs associ¬ 
ated with wheezing but not with RSV. Of 
the 375 LRIs studied virologically, RSV was 
detected most often with 39.5 percent, fol¬ 
lowed by parainfluenza virus type 3 in 34 (9 
percent) instances, none of which was a re¬ 
peat infection; detection rates were 1-5 per¬ 
cent for the other viruses assayed (parainflu¬ 
enza virus types 1 and 2, influenza virus 
types A and B, adenoviruses, enteroviruses, 
cytomegalovirus, and rhinovirus). 

The monthly distribution of the percent¬ 
age of positive RSV results among all LRIs 
studied virologically for children <1 year of 
age was similar for each study year. Study 
years were combined, therefore, and figure 
1 shows the combined distribution by month 
for the study years 1980-1985. RSV is 
clearly epidemic in nature, occurring from 
October to April and peaking in January. 
This distribution compares well with that for 


positive RSV results among all LRIs (n = 
1.052) diagnosed in the studv until October 
1986(17). 

Table 1 indicates the distribution of the 
study population by the various risk factor 
categories of interest considered in this 
analysis. Not all subjects had complete sets 
of information. There were a number of 
significant relations within this set of vari¬ 
ables. Infants who were breast-fed the long¬ 
est were more likely to have Anglo non¬ 
smoking mothers with more education, to 
have fewer persons sharing the bedroom, 
and to be less likely in day care (p < 0.005, 
adjusted for multiple comparisons). Neither 
birth month nor sex was associated with any 
other risk factor considered in this analysis. 

Incidence rate per 100 infants by month. 
The incidence of RSV-LRIs per 100 infants 
by month of age (figure 2) is fairly constant 
during the 3- to 7-month age range at 3.7- 
4.0 per 100 infants at risk each month, after 
which it decreases. No RSV-LRIs were ob¬ 
served before 1 month of age. Rates were 
similar in the 2-month intervals after 1 
month of age, and subsequent analysis of 
incidence rates per 100 children combined 
data into 2-month intervals as follows: 1- 
<3 months, 3-<5 months, 5-<7 months, 
7-<9 months, and a final interval of 9—<12 
months. Two RSV-LRJs identified at 12 
months are excluded. 



JAN FEB MAR APR MAY JUN JUt AUG SEP OCT NOV DEC TOTAL 


FIGURE 1* Positive respiratory syncytial virus results by percentage among aI tower respmtory tract messes 
, studied virotogcally by month in a health maintenance organization study population, Tucson, Arizona (1980-1985). 
RSV-LRI, respiratory syncytial virus-assoaated tower respiratory tract mess; N, number of cases. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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TABLE 1. Distribution of factors consMorod in a 
haaltti maintananca organization study population, 
Tucson, Arizona, 1 MO-1985 


Vanatte 

NO 

% 

Duration of breast feeding 
None 

157 

13 

<1 month 

53 

4 

1-3 months 

235 

20 

4-6 months 

152 

13 

>6 months 

385 

33 

Missing information 

197 

17 


Exclusivity of trass; feed¬ 
ing at 2 months 


Exclusively breast-fed 

458 

39 

Breast + formula 

236 

20 

No breast feeding 

335 

28 

Missing information 

150 

13 

Maternal education 

sl2 years 

375 

32 

>i2-si6 years 

593 

50 

>16 years 

206 

18 

Missing information 

5 

<1 

No. shanng same room 

None 

689 

58 

One 

299 

25 

Two or more 

167 

14 

Missing information 

24 

2 

Birth month 

January-March 

198 

17 

Apnl-June 

289 

24 

July-September 

366 

31 

October-December 

326 

28 

Sex 

Male 

575 

49 

Female 

601 

51 

Missing information 

3 

<1 

Ethnicity 

Anglo 

874 

74 

Hispanic 

221 

19 

Other 

81 

7 

Missing information 

3 

<1 

Maternal smoking 

Yes 

204 

17 

No 

972 

82 

Missing riformation 

3 

<1 

Daycare 

Yes 

467 

40 

No 

532 

45 

Missing information 

180 

15 

Total 

1.179 

100 


Table 2 shows univariate relations be¬ 
tween the risk factors considered and the 
incidence of RSV-LRIs per 100 children 
between the ages of 1 and <3 months. (Rel¬ 


ative risks are included as risk ratios with 
confidence intervals.) For breast-feeding sta¬ 
tus. RSV-LRI rates were similar in the cat¬ 
egories of <1 month and no breast feeding 
(4.7 percent and 6.9 percent, respectively), 
which were combined into one category- 
called “minimal” breast feeding. The relative 
risk of RSV-LRIs associated with minimal 
breast feeding at this age was 2.5. In addi¬ 
tion. the relative risk increased from 2.2 for 
those who were breast-fed and also given 
formula to 4.0 for those given formula or 
milk only, when compared with those who 
were exclusively breast-fed at 2 months of 
age. with a statistically significant trend 
(p s 0.01). Similar trends of borderline sig¬ 
nificance were observed when considering 
RSV-LRIs at l-<2 months and 2-<3 
months of age. 

No other significant protective effects of 
breast feeding were observed at any other 
age up through 12 months. (The RRs for 
having a RSV-LRI with minimal breast 
feeding for other age intervals were as fol¬ 
lows: 3-<5 months. RR = 0.9: 5-<7 
months. RR = 0.7: 7-<9 months, RR = 

1.2:9-< 12 months. RR = 0.33.) Breast feed¬ 
ing at the time coincident with the month 
of age being analyzed also showed no addi¬ 
tional protective effect. 

Several factors other than breast feeding 
are also significantly related to the incidence 
of RSV-LRIs in the first year of life. Infants 
of mothers with a high school education or 
less had a higher incidence (5.3 percent) of 
RSV-LRIs between 1 and <3 months com¬ 
pared with 1.7 percent in the infants of 
mothers with more education (table 2). 
There was no significant difference in the 
incidence of RSV-LRIs when comparing in¬ 
fants of mothers with 12-16 years and >16 
years of education. No significant trends 
associated with maternal education were ob¬ 
served beyond 3 months of age. 

The incidence of RSV-LRIs per 100 chil¬ 
dren between 1 and <3 months was signifi¬ 
cantly higher in males (4.3 percent) com¬ 
pared with females (1.3 percent) (table 2). 
However, this effect was predominantly due 
to Hispanic males: 44 percent of 16 infants 
between 1 and <3 months of age with RSV- 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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FIGURE 2. Rates of respiratory syncytial virus-associated lower respiratory tract illnesses in the first year of life, 
in a healtn maintenance organization study population. Tucson. Anzona (1980-1985) RSV-LRI. respiratory syncytial 
virus-associated ; lower respiratory tract illness; N. number of cases (For rates above, see Materials and Methods 
for calculation) 


LRIs were Hispanic males: none was an 
Hispanic female. This also accounts for the 
significantly higher incidence of RSV-LRIs 
between 1 and <3 months of age among 
infants of Hispanic origin compared with 
Anglos (table 2). No consistent trends were 
observed beyond this age in the relation of 
RSV-LRIs to sex or ethnicity. 

There was a significant increase in the 
RSV-LRI incidence in association with in¬ 
creasing numbers of others sharing the same 
bedroom with the child from 1-5 months of 
age. with trends of borderline significance 
from'6 to 12 months. Table 2 shows a sig¬ 
nificant trend for rates between I and <3 
months of age. with a relative risk of 1.6 for 
one person sharing and 4.7 for two or more 
persons sharing compared with none shar¬ 
ing. At 3-<5 months, the equivalent relative 
risks are 3.9 and 6.1. again with a significant 
trend (p< 0.002). 

Between 7 and <9 months of age. those 
in day care had an incidence rate of RSV- 
LRIs of 6.7 per 100 children versus 2.4 for 
those not in day care (x : = 4.4. p = 0.04). 
Between 9 and <12 months, the same trends 
were seen, but they were of borderline statis¬ 
tical significance. No significant trends re¬ 


lating day care to RSV-LRIs were seen below 
7 months of age. 

Maternal smoking was not related to the 
incidence of RSV-LRIs at any age in the first 
year of life. 

Incidence rate per 1,000 person-months. 
The cumulated rate of RSV-LRIs per 1.000 
person-months, from 1-12 months of age. is 
superimposed on figure 2. This rate is low 
in the first few months (12/1.000 person- 
months). increases until 6 months of age 
(26/1.000 person-months), and then levels 
off. This cumulated measure acts as a 
smoothing function in that it reduces the 
amount of variation or fluctuations present 
in the data by month. Although the inci¬ 
dence per 100 children is fairly constant 
between 3 and 7 months, the person-time 
incidence rate (per 1.000 person-months) 
increases until 7 months, since it is con¬ 
strained by the low initial rate, and increases 
as successive RSV-LRI occurrences and 
person-months are added. After 6-7 
months, the cumulated measure levels off as 
the incidence per 100 children by month 
decreases. The person-time incidence rate of 
RSV-LRIs for the entire first year of life is 
26.4 per 1,000 infants per month. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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TABLE 2* Single-factor ralebont with RSV-Lftlaf between 1 and <3 months of age, in a health 
maintananca organization study population, Tucson, Arizona, 1980-1985 


Vanabto 


No. 


RSV-LRtS 

(%)l 


RRT 


p value 
(Kendall's tau) 


Breast feeding 


None-<1 month 

114 

53 

2.5 (0.9-7.0)$ 

0.04 

1 month or more 

380 

2-1 



Amount of breast feed- 





ing at 2 months 





Formula and/or milk 

177 

5.1* 

40(1 1-141) 

C.01 

Breast + formula 

105 

2 9 

2.2(0.5-10.9) 

NSt 

Exclusively breast-fed 

234 

1.3 



Maternal education 





£12 years 

170 

53 

3.1 (1.2-8.2) 

0.01 

>12 years 

409 

1.7 



Sex 





Male 

280 

4.3 

3.2 (1.0-9.8) 

0.02 

Female 

297 

13 



Ethnicity 





Hispanic and other 

148 

4 7 

2.3(09-6.0) 

0.05 

Anglo 

431 

2.1 



No. shanng child's 





room 





Two or more 

74 

81** 

4 7(1 6-14 2) 

0001 

One 

147 

27 

1.6 (0 5-5 5) 

NS 

None 

349 

17 



Maternal smoking 





Yes 

108 

28 

10(0.3-3.5) 

NS 

NO 

471 

28 




• Trend p - 0 Oi, •• trend p * 0 007 

t RSV-LRI. respiratory syncytial virus-associated lower respiratory tract illness; RR, relative nsk (ratio) {percentage with RSV- 
LRls among those with nsk tactor/percentage w»th RSV-LRIs among those without nsk factor). NS. not significant. 

X Numoers m parentheses. 95?* confidence interval: 


Figure 3 indicates the rates of RSV-LRJs 
per 1.000 person-months differentiated by 
the duration of breast feeding in three cate¬ 
gories (minimal. 1-6 months. >6 months). 
Through 5 months of age. those who receive 
minimal breast feeding appear more likely 
to have RSV-LRls than those who are 
breast-fed longer. After 5 months of age, 
there appears to be little or no protective 
effect. These trends are statistically signifi¬ 
cant using the x 2 distribution (p < 0.05) at 
l-<2 months only and of borderline signif¬ 
icance between 1 and <3 months of age 
when considering minimal breast feeding 
versus other categories combined. The use 
of different category combinations (includ¬ 
ing none. <1-month, and 1- to 3-month 
breast feeding) confirmed that the significant 
difference was consistently between minimal 
and >1-month breast feeding in the 1- to 


<3-month age range, consistent with the 
analysis of the incidence per 100 infants by 
month of age. 

Figure 4 illustrates how the incidence rate 
per 1.000 person-months (person-time inci¬ 
dence rate) varies by month of age according 
to birth month. The distribution of inci¬ 
dence rates is displaced along the x-axis. 
depending on when a child was born in 
relation to the RSV season. For those born 
in the first half of the RSV season (from 
October to December), the rate increases 
until 5 to 6 months of age, whereas the rate 
for those bom in the latter half of the RSV 
season remains fairly constant until the next 
RSV season is encountered. The distribu¬ 
tions of those bom 1-3 and 3-6 months 
prior to the RSV season are displaced along 
the x-axis accordingly. 

Considering the entire first year of life, the 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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FIGURE 3. Persorvtime incidence rates of respiratory syncytial virus-associated tower respiratory tract illnesses 
up to 12 months of age by breast feeding, in a health maintenance organization study population. Tucson, Anzona 
(1980-1985). RSV-LRI. respiratory syncytial virus-associated tower respiratory tract illness. (See Matenais and 
Methods for calculation of person-time incidence rates ) 





FIGURE 4. Person-time incidence rates of respiratory syncytial virus-associated tower respiratory tract illnesses 
up to 12 months of age by birth month m a health maintenance organization study population. Tucson. Anzona 
(1980-1985) RSV-LRI. respiratory syncytial virus-associated tower respiratory tract illness; mo. month. (See 
Matenais and Methods for calculation of person-time incidence rates.) 


incidence of RSV-LRIs was 16.7 for those 
born from July to September and 15.6 for 
those bom from October to December, com¬ 
pared with 9.5 and 11.7 for birth months 


January-March and April-June. respec¬ 
tively. Combining these categories gives an 
incidence of 16.2 percent for those bom 
from July to December, which is signifi- 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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cantly different from the incidence of 10.8 
percent for those bom from January to June 
(x : = 5.16: p< 0.02). 

Multivariate analysis. Variables consid¬ 
ered for multivariate analysis were those that 
had shown some statistically significant as¬ 
sociation with the incidence of RSV-LRIs 
and an elevated relative risk during each 2- 
month age interval. Variables included were 
the following: duration (minimal versus >1 
month) and exclusivity of breast feeding 
(breast only, breast plus formula, formula/ 
milk only at 2 months): maternal education: 
number sharing the child's room: sex; and 
ethnicity. (Maternal smoking showed no sig¬ 
nificant contribution to multivariate analy¬ 
sis when investigated.) Day care was in¬ 
cluded in analyses after 7 months of age. All 
variables were collapsed into dichotomous 
categories (except the exclusive breast¬ 
feeding variable) as follows: maternal edu¬ 
cation, <12 years versus >12 years: none/ 
one sharing the room versus two or more; 
Anglo versus Hispanic and other ethnicities. 
For each 2-month age interval, log-linear 
analysis was used to assess relations between 
RSV-LRIs and other risk factors. 

At l-<3 months of age. relations between 
RSV-LRIs. exclusivity of breast feeding, and 


other risk factors were evaluated. No direct 
effect remained for exclusivity of breast feed¬ 
ing after controlling for all other variables. 
However, there was a significant interaction 
between the incidence of RSV-LRIs. years 
of maternal education, and exclusivity of 
breast feeding (partial x : . P < 0.01). after 
accounting for all other effects. This inter¬ 
action is shown in figure 5. It is apparent, 
although cell sizes are small, that in the lower 
maternal education category, there is a sig¬ 
nificant increasing trend in the incidence of 
RSV-LRIs between I and <3 months of age. 
from exclusively breast-fed infants (0.0 per¬ 
cent) to breast- and formula-fed infants (3.3 
percent) to those fed formula or milk only 
(9.6 percent) (tau p - 0.02). The odds ratio 
for having a RSV-LRI in those infants of 
mothers with a low educational level who 
were not breast-fed was 6.8 (95 percent Cl 
0.8-56.0). This effect was seen with trends 
of borderline significance in Anglo males 
and females and in Hispanic males, although 
numbers are small: there are no RSV-LRIs 
in Hispanic females in this age range. There 
is no such association in the higher maternal 
education category. An equivalent analysis 
substituting duration for exclusivity of breast 
feeding gave similar results. 



FIGURE 5. Incidence rates of respiratory syncytial virus-associated lower respiratory tract illnesses between 1 
and <3 months of age by maternal education and breast-feeding status, in a health maintenance organization study 
population. Tucson. Anzona (1980-1985). RSV-LRI, respiratory syncytial virus-associated lower respiratory tract 
illness; N. number of cases. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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After accounting for all other interactions 
and effects at l-<3 months of age. signifi¬ 
cant direct effects remained only for sex 
(partial x'. P- 0.04) (OR = 1.6; 95 percent 
Cl 0.7-3.7) and for number sharing the 
child's room> (partial x\ P = 0.03) (OR = 
5.3: 95 percent Cl 2.3-12.2). The bivariate 
relation seen between RSV-LRls and ethnic¬ 
ity at this age was not significant after con¬ 
trolling for other effects, mainly because it 
is observed as an interaction among RSV- 
LRls. sex, and ethnicity (partial x% P < 
0.03). 

Table 3 shows different combinations of 
three risk factors (two or more sharing the 
child's room, low maternal education, and 
minimal breast feeding) assessed in relation 
to RSV-LRls. The relative risk of having a 
RSV-LR1 increases from 4.0 for those who 
had two or more persons sharing their room, 
to 5.6 for those who also have a low maternal 
education, to 8.0 when little or no breast 
feeding is included; all combinations are 
highly significant. Similar relations were ob¬ 
served in both males and females and for 
both ethnic groups, although the trends did 
not always reach statistical significance. 

Log-linear analyses performed for other 2- 


month age intervals showed that direct ef¬ 
fects persisted only for sharing the room with 
two or more people in the 3- to <5-month 
age range (OR = 3.7; 95 percent Cl 1.6—8.7; 
partial x 2 . P < 0.01) and a smaller effect for 
day care in the 7- to <9-month age range 
(OR « 1.4; 95 percent Cl 0.7-2.9; partial 
x : , p < 0.03), after controlling for other 
variables and effects. 


The cord serum RSV antibody titer in the 
86 matched pairs ranged from <10 (unde¬ 
tectable) to 2,560. The distribution was pos¬ 
itively skewed (3.6) with a median value of 
80. A logio transformation (assigning the 
value of 5 to undetectable titers) reduced the 
skew to 0.06, giving a geometric mean of 
117 (standard deviation, 3.5). Because of its 
distribution, the cord serum RSV antibody 
titer was considered as a categorical variable, 
initially in four categories: 0-20. 40-80, 
160-320. and >640. There was a distinct 
drop in the percentage of RSV-LRls in the 
last two categories. Subsequently, two cate¬ 
gories were used for analysis: 0-80 (low-titer 
group) and 2:160 (high-titer group), which 


RSV antibody case-control study 


TABLE 3. MuWvariabi# relation* with RSV-LRls* batwaan 1 and <3 month* of ag*. in a haalth 
maintananca organization study population, Tucson, Arizona, 1980-1985 


Variable 

NO. 

RSV-LRls 

(%) 

RR* 

p value 
(KendaM s tau) 

Two or more sharing 





room 

74 

0.1 

4.0 (1.5-1Q.7)t 

0.002 

None or one sharing 





room 

476 

2.0 



Two or more sharing 





room and maternal 
education s12 years 

43 

11.6 

5.6 (2.0-15.3) 

0.0001 

AM other combinations of 





sharing and maternal 
education 

527 

2.1 



Two or more sharing 





room, maternal educa¬ 
tion s12 years, and 
minimal breast feeding 

21 

19.0 

8.0 (2.8-22.8) 

0.00001 

All other combinations of 





sharing, maternal edu¬ 
cation. and feeding 

505 

24 




• RSV-lRl, resp**tory syncytial vms-associatM lower respiratory tract She**; RR relative ns* (rate) (percentage with RSV- 
Lflis among thosa with risk fact or* /percentage wrm RSV-LRls among those without risk factors), 
t Numbers m parentheses. 95% confidence interval 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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divides the distribution approximately at the 
median. 

In the first year of life, the percentage of 
RSV-LRIs in those with a low cord serum 
RSV antibody titer was 56.3 compared with 
44 percent in the high-titer group, with an 
OR for having a RSV-LRI with lower cord 
serum RSV antibody levels of 1.67 (95 per¬ 
cent Cl 0.9-3.1: x 2 -P - 0.13). Similar trends 
were seen in the 57 matched pairs <7 
months of age (55 percent vs. 43 percent; 
OR =* 1.66; 95 percent Cl 0.8-3.5) and in 
the 22 matched pairs from 7 to 12 months 
of age (59 percent vs. 44 percent; OR - 1.81; 
95 percent Cl 0.6-5.3). Stratifying and ad¬ 
justing for breast feeding gave a Mantel- 
Haenszel odds ratio of 1.6 (95 percent Cl 
0.9-3.0; x : , P< 0.1). Stratifying and adjust¬ 
ing for maternal education also gave an odds 
ratio for having a RSV-LRI with lower cord 
serum RSV antibody of 1.6 (95 percent Cl 
0.9-3.0; x 2 . p < O.i) with no evidence of 
interaction. 

However, a combination of three risk fac¬ 
tor categories, i.e., lower cord serum RSV 
antibody, lower maternal education, and 
minimal breast feeding, gave an increased 
odds ratio of 4.4 (95 percent Cl 1.1-18.3; 
X 2 , p < 0.05), compared with infants in the 
reference group who were breast-fed, had 
higher cord serum RSV antibody, and had 
higher maternal education. All other com¬ 
binations of risk factor categories gave an 
odds ratio of 1.6 (95 percent Cl 0.8-3.2; x 2 . 
p < 0.25), compared with the reference 
group. 

Using logistic regression to assess the re¬ 
lation between RSV-LRIs and antibody 
level while controlling for maternal educa¬ 
tion and breast-feeding status gave an odds 
ratio for having a RSV-LRI with a low anti¬ 
body level of 1.6 (95 percent Cl 0.8—2.9; 
p < 0.1). Low maternal education was as¬ 
sociated with an odds ratio for having a 
RSV-LRI of 2.5 (95 percent Cl 1.2-5.2; 
p < 0.01). Breast feeding was not a signifi¬ 
cant contributor to this model, and no ad¬ 
ditional risk associated with an interaction 
between low cord serum RSV antibody and 
minimal breast feeding was demonstrated. 

Since cases were matched with controls 


for birth month and sex, there was no rela¬ 
tion between these factors and RSV-LRIs in 
this case-control subgroup. However, those 
bom from January to June were more likely 
to have a higher cord serum RSV antibody 
titer (>80) than were those bom from July 
to December (64 percent vs. 42 percent: x\ 
p - 0.01). There was no statistically signifi¬ 
cant relation between age at the time of the 
RSV-LRI and the level of cord serum RSV 
antibody. 

Of the 86 matched pairs. 25 matches were 
in the age range of <5 months, which pro¬ 
vided an adequate number to analyze, at 
least bivariately. In this younger age range, 
there was no association between RSV-LRIs 
and RSV antibody level (OR = 1.0; 95 per¬ 
cent Cl 0.3-3.0; x : . P - 10). However, the 
odds ratio for having a RSV-LRI with min¬ 
imal breast feeding was 5.4 (95 percent Cl 
1.0-28.8; x 2 , P m 0.08). The relation between 
having a RSV-LRI and low maternal edu¬ 
cation had an odds ratio of 2.7 (95 percent 
Cl 0.8—9.5; x 2 . P = 0.2). When both breast¬ 
feeding status and cord serum RSV antibody 
were considered, 100 percent (6/6) of those 
with lower cord serum RSV antibody, who 
were minimally breast-fed, had RSV-LRIs, 
compared with 35 percent (7/20) of those 
with lower cord blood RSV antibody who 
were breast-fed. (The OR is undefined as all 
cases who were minimally breast-fed had 
RSV-LRIs; x 2 , P - 0.02.) Conversely, there 
was no significant association between 
breast-feeding status and RSV-LRIs in 
those with higher cord serum RSV antibody 
(OR ■ 1.0; 95 percent Cl 0.1-8.6; x 2 . 
P« 1.0). 

DISCUSSION 

A statistically significant protective effect 
of breast feeding against RSV-LRIs has been 
observed in this population. As in other 
studies (6, 9), it is relatively subtle and best 
demonstrated in those with lower socioeco¬ 
nomic status. The effect in its simplest bi¬ 
variate mode is seen during the first few 
months of life only; this is demonstrated in 
both the larger survey sample and the case- 
control study. However, the independent 
significance of breast feeding does not with- 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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stand controlling for other implicated factors 
(number sharing child’s room, maternal ed¬ 
ucation, sex): it remains statistically signifi¬ 
cant as an interaction with maternal educa¬ 
tion. Infants of mothers with a high school 
education or less appear to be protected 
against having RSV-LRIs by breast feeding 
in general and more so by exclusive breast 
feeding, but significantly only up to 3 
months of age. 

Others have documented the importance 
of the level of maternal education as a risk 
factor for infections (26). Although the latter 
study showed only marginal significance of 
a protective breast-feeding effect in those 
with 12 years of education and a nonsignifi¬ 
cant trend in those with <12 years, the lack 
of any protective effect in those with >13 
years of education is consistent with our 
findings. 

The number of others sharing the same 
room with the index child, as a measure of 
crowding, was clearly an important risk fac¬ 
tor for RSV-LRIs, especially when there 
were two or more sharing. In addition, the 
risk increased with a combination of lower 
socioeconomic status conditions plus mini¬ 
mal breast feeding. In other studies, various 
indices of crowding have been shown to be 
important in RSV infections (4) and in acute 
bronchiolitis (27, 28). The number of sib¬ 
lings has been shown to have an impart on 
infection and LRIs (10, 27-29). Although 
we have not considered separately the num¬ 
ber of siblings as a risk factor, it was highly 
correlated with the number of persons shar¬ 
ing the child's room. 

The case-control study shows a small pro¬ 
tective effect against RSV-LRIs for those 
infants having higher cord serum RSV anti¬ 
body titers, compared with those with lower 
levels. Those with lower cord serum RSV 
antibody titers, who also had minimal breast 
feeding, were especially at high risk for a 
RSV-LRI in the first few months of life. The 
smaller number of cases in the case-control 
study limits the number of risk factors that 
can be considered: However, it is clear that 
combinations of risk factors which include 
lower cord RSV antibody increase the like¬ 
lihood of a child having a RSV-LRI. The 


relative risk of having a RSV-LRI increased 
from 1.6 for those with lower cord serum 
RSV antibody to 2.2 for those who also had 
minimal breast feeding to 4.4 for those who, 
in addition, had a lower maternal education. 
We find no evidence to support the hypoth¬ 
esis (12, 16) that a higher cord serum RSV 
antibody titer mav increase susceptibility to 
RSV-LRIs. 

In developing nations, the evidence for a 
protective effect of breast feeding is thought 
to be more conclusive (8,30). It seems likely 
that any protective effect of breast feeding 
demonstrated in the more developed nations 
would be observed mainly in those segments 
of the community where infection would be 
more probable, e.g., as found in the present 
study, in conditions of lower socioeconomic 
status (measured here by maternal education 
and/or crowding), which may approximate 
those of the less developed world. Wright et 
al. (19) have shown in this same population 
a protective effect of breast feeding in rela¬ 
tion to early wheezing LRIs, especially in 
crowded conditions. 

It is plausible to speculate that there may 
be several effects of breast feeding on the 
lung. There may be an effect on lung devel¬ 
opment (31), possibly mediated by growth 
factors (32-34). Also, there may be addi¬ 
tional immunologic benefits of breast feed¬ 
ing. There is also the possibility that the act 
of breast feeding itself limits the chances of 
infection by reducing the number of persons 
who have regular contact with a young 
infant. 

Two potential mechanisms of protection 
have been demonstrated. I) This and other 
studies relate infant RSV antibody levels 
inversely to various aspects of RSV infec¬ 
tion, including severity and age (3, 11). 2) 
Human colostrum has been shown to con¬ 
tain neutralizing activity (partly immuno¬ 
globulin A) against RSV in vitro (5, 15). 
However, the method of acquiring antibody 
as well as its mode of action may not nec¬ 
essarily involve breast feeding. This study 
shows no additional protection associated 
with breast feeding against RSV-LRIs in 
those who already have a higher cord serum 
RSV antibody level, compared with a pro- 
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tective effect of breast feeding in those with 
lower cord blood titers. The nature of this 
effect is speculative and may or may not 
involve passively acquired antibody from 
breast milk. Cell sizes for these analyses are. 
however, very small. Interestingly, some 
have suggested that, since infants have been 
shown through radiologic studies to aspirate 
milk during feeding, the immunoglobulin A 
localized in the respiratory tract might pro¬ 
tect against severe respiratory infection (5). 

Considering birth month. Carlsen et al. 
(27) have shown that those born during the 
summer months who were approximately 6 
months old at the time of the RSV outbreak 
were most at risk for RSV bronchiolitis. Our 
analysis is consistent with this finding, since 
the highest incidence rate (per 100 children) 
over the entire first year was found for those 
bom between July and September. Glezen 
et al. (3) have also shown a three times 
greater risk of RSV infection for infants bom 
during the 6-month period ending with the 
peak of the epidemic. In the Children's Re¬ 
spiratory Study population, the relative risk 
of having a RSV-LRI in the first year of life 
if bom between July and December was 1.5 
times more than for those bom from Janu¬ 
ary to June. In addition, the cord serum 
RSV antibody titer was significantly lower 
for those bom between July and December, 
compared with those born between January 
and June. 

The epidemic nature of RSV as observed 
in other studies (35) was confirmed in this 
population. The simple incidence rate for 
RSV-LRIs in this population was 12 per 100 
children in the first year of life, considerably 
higher than the infection rate of 3 per 100 
children per year up to 2 years of age ob¬ 
served by Glezen et al. (35). (The incidence 
for parainfluenza virus type 3 LRIs in this 
population (data not shown) was com¬ 
parable at 2.9 to the 2 per 100 children 
observed by Glezen et al. (35).) Advances 
made in laboratory techniques over the past 
decade and our surveillance method prob¬ 
ably account for many of the discrepancies 
between the studies. In the Children’s Re¬ 
spiratory Study, cultures for viruses have 
been positive in >60 percent of the LRIs 


cultured. This is nearly two times greater 
than the isolation rates reported in earlier 
studies (18). 

Others (1, 36) have commented on the 
“relative sparing" of infants of <1 month of 
age from RSV bronchiolitis. This phenom¬ 
enon was seen also in the Children’s Respi¬ 
ratory Study population: no RSV-LRIs were 
observed up to <1 month of age and rela¬ 
tively few up to <3 months of age. Parrott 
et al. (36) found that the frequency of RSV 
infection did not vary widely with age be¬ 
tween 1 and 18 months in those whose 
respiratory illness did not require hospitali¬ 
zation. with a maximum frequency of RSV 
infection at 2 months of age. In contrast, 
among those who were hospitalized, there 
was a distinct peak at 2 months of age. In 
this study, the peak incidence of RSV-LRIs 
is between 3 and 6 months of age. Clearly 
different populations have different age dis¬ 
tributions of RSV-LRIs. It is interesting and 
provocative to note that the rate of breast 
feeding in the US population, both exclusive 
and supplemented with formula, has in¬ 
creased from 1955 to 1982 (37). Breast¬ 
feeding rates were considerably lower in the 
early 1970s (13.9 percent at 2 months of age 
in 1971) than in the 1980s (47.5 percent at 
2 months in 1984) (37). The latter compares 
with 59 percent breast feeding at age 2 
months in the Children's Respiratory Study- 
population. This increase in breast-feeding 
rates could explain the later peak incidence 
of RSV-LRIs in the Children's Respiratory 
Study population in the 1980s compared 
with the outpatient results of Parrott et al. 
(36) in the 1970s. 

In this population, it appears that males 
are more susceptible to RSV-LRIs in the 
early months of life; this effect was predom¬ 
inantly in Hispanic males. Other epidemio¬ 
logic studies have shown that males are more 
likely than females to have RSV-LRIs up to 
5 years of age (35). to be hospitalized (36). 
or to have more severe infections (3). Addi¬ 
tionally, Glezen et al. (3) have observed a 
possible excess of infants of Hispanic origin 
hospitalized with RSV infections. In this 
study, it seems that the increased risk for 
RSV-LRIs associated with ethnicity was en- 
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tirely due to increased RSV-LRIs in His¬ 
panic males. This phenomenon deserves fur¬ 
ther investigation. 

There may be some anatomic reasons why 
males have more lower respiratory tract 
symptomatology with RSV infections. As we 
have previously shown (31). low lung func¬ 
tion predates the onset of wheezing LRIs, 
suggesting that infants who are bom with 
smaller airways may be at greater risk for 
airway obstruction and increased respiratory 
symptomatology with a viral infection. We 
have also previously demonstrated that 
males are more likely to have smaller air¬ 
ways for their lung size than females (38). 
This potentially could put them at increased 
risk for symptomatology with viral infec¬ 
tions. This would clearly be of more clinical 
importance in the first few months after 
birth before considerable growth has 
occurred. 

The findings in other studies of associa¬ 
tions between day care and increased LRIs 
(10. 27) are confirmed in this population for 
RSV-LRIs. The increase in relation to day 
care was observed, however, only between 7 
and <9 months of age. The effect at this age 
also withstands controlling for other con- 
founders. It seems plausible that the effect 
of day care was seen at this time because 
infants are more likely to be in day care after 
6 months. Retrospective collection of more 
detailed day-care information, including age 
at the time of care, is currently in progress, 
and its analysis will be the subject of future 
investigations. 

Regarding maternal smoking, no effect of 
any significance on RSV-LRIs has been 
demonstrated in this analysis, particularly in 
the early months of life. Carlsen et a). (27) 
also showed no effect of parental smoking 
in infants hospitalized with acute bronchiol¬ 
itis compared with controls, although smok¬ 
ing rates of all parents were high. Others, 
however, have demonstrated a highly signif¬ 
icant relation between parental smoking and 
LRIs in a community population (29), bron¬ 
chiolitis in a nonhospitalized case-control 
study (28). and wheezing illnesses in atopic 
babies (39). A relation between maternal 
smoking, particularly >20 cigarettes per day. 


and all LRIs (wheezing or nonwheezing) has 
been demonstrated in our study population 
for the first year of life (40). We have not 
examined quantity of cigarettes smoked in 
this month-by-month analysis because of 
smaller numbers. 

Some studies have been criticized recently 
for lacking methodological standards to cope 
with sources of bias (41-43). Since enrollees 
in the Children’s Respiratory Study planned 
to use the participating health maintenance 
organization which serves an employed 
population, extreme upper and lower socio¬ 
economic status groups may be underrep¬ 
resented. as discussed previously (17). 
However, we have also previously concluded 
that the illnesses observed in the first year of 
life are comparable to those described in 
other ambulatory populations, and appro¬ 
priate surveillance methods have been used 
(18). A priori criteria were used to establish 
the presence of LRI. upon which informa¬ 
tion was collected prospectively. Also, infor¬ 
mation on feeding practices was collected 
prospectively and. although personnel re¬ 
cording such information were not blinded 
to any LRI outcome, this was only one of 
many factors considered in the Children’s 
Respiratory Study. Some retrospective in¬ 
formation was used, but there was excellent 
concordance between the prospective and 
retrospective data. Additionally, the data 
collected provided information on exclusive 
breast feeding. Multivariate analyses have 
also assessed effects while controlling for 
other factors and their interactions. 

In summary, this prospective study in a 
large community population has demon¬ 
strated that a variety of factors appear to 
increase an infant’s risk for having a RSV- 
LRI, especially in the early months of life. 
These factors could be categorized into two 
parts: 1) likelihood of exposure to infection, 
including crowding and low socioeconomic 
status, day care, and birth month: and 2) 
host susceptibility to infection, including 
lower cord serum RSV antibody levels, 
being male, and being minimally breast-fed. 
Qearly, there are other associations between 
variables and categories: for example, cer¬ 
tain birth months are associated with higher 
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cord serum RSV antibody levels. Combina¬ 
tions of factors greatly increase the risk of 
having a RSV-LRI. In addition, breast feed¬ 
ing appears to modify the risk of having a 
RSV-LRI and provides protection in con¬ 
ditions of lower socioeconomic status where 
exposure may be greater. 
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Heumann, M., Foster, L.R., Johnson, L., and Kelly, L., "Human Health 
and Environmental Effects. Session 136. Woodsmoke Exposure and 
Human Health Impacts: Woodsmoke Air Pollution and Changes in 
Pulmonary Function Among Elementary School Children," Proc Annu 
Meet Exhib Air Waste Manage Assoc 15A(84): 1-15, 1991. 

The authors of this study examined the possible relationship between 
exposure to woodsmoke and pulmonary function changes in 410 
elementary school children in Oregon. The authors also considered 
the potential effects of ETS exposure. The authors reported that 
"children in homes heated by woodstoves showed greater declines in 
FEVi.o than children in homes that did not use woodstove heat." 
The reported association appeared among children living in both 
high and low outdoor air pollution exposure areas. Children exposed 
to ETS at the time of the baseline spirometry measurements had 
"markedly lower lung function measurements" than children who were 
unexposed. The authors stated that "children not exposed to tobacco 
smoke had significant declines in lung function measurements during 
the period of increased ambient PM pollution levels" and that "their 
mean FEV 1>0 levels dropped to those of the children who were exposed 
to tobacco smoke." 
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INTRODUCTION 


Klamath Fall'*. » Southern Of cgun 11 < immunity with » population .ul T7.5UU, has had recurrent ! episodes 
nt elevated air pollution levels due to respirable paniculate matter (PM,,,). Tihcse air pollution episodes- haw 
occurred in winter months, during periods ol air stagnation, temperature inversion, anJ heavy use nt 
wiHidstovcs tor home heating. 

PM W level Jala lor a three year period, shown in Figure l. reveal violations U S- Um in .imxnUil 
Protection Agency's National Ambient Air Quality Standards (NAAQS) during the winter Heating season. S*»uk 
«» t the nation's highest PM pollution levels have been recorded in this community. Woods moke tmin home 
healing wilh wiaidstoves accminis tor an estimated 64.6ft ot the annual PM„, emissions in the-Klamath I .ills 
Air Qualiiy Control Area *. During winter worst day emissions, wood smoke may account tor 8] W ot the. I*M 
pol lu lion 


PM,„ air pollution .tends to concentrate in areas ot the community. corresponding to:a geologic 
depression^ which lies 05-VO IcctihcUn* the average elevation ol the city Figure 2 shows the typicalipalU-in ol 
air pollution in Klamath Falls. 

Local ihealth authonlies and the Stale Department ol l.nvuotmxnlal Quality have been moiiilouny the 
situation lor a number ol years T hey Rise hcen coordinating efforts let redticc woodskice air cnussiims hi this 
o immunity through a program ot voluntary curt ail men t ol woodsbxe use during severe period* o| .nt inversion 
because ol concern about adverse health etlects Ifom wihhJsIiac smoke expostuc to the resident* ol tlx 
community, the Oregon Health Division was asked to investigate this issue. 

Several I studiev conducted in the United States and Europe have lound an association belweeiiev|vosuic* 
to elevated levels i>lioutdoor air pollution and increased 1 Irccptcncy and rate id respiratory illness among schtatl 
aye children The Six l ilies study ol air pollution and health identilic-d anassixmiton between |yar»K ul.tle air 
pollution and rcpofU-J rates oil symptoms i»| illness including chronic cough, bronchitis, and chc*! illness 
However, this study did not dcinonsiiatc any significant change milling function measures among the vhitilicii 
studied Measurable short-term declines in lung tunction were demonstrated in the Federal Republic ol 
t ter many anJ in Sieiihcn'ille. Ohio; lollowmg air. pollution .episodes involving elevated total suspended 
pai Ik ul.iirs (TSP) and 1 sulfur ilfmiik (SOd levels 4 ' Atmospheiic PM levels were found h* tv slionyly 
associated with hospital admissions lor respiratory illness among children in one Utah cimnly expciicm my line 
particulate pollution!thmva steel milir 

Ihdilmr healing with w***Ktuvc-s ha* been linked with the ixcurrence nt c humic fespiiai.uv symptoms- in 
young children A variety oI other indoor air pollutants have also tv-eh associated with increased tales ot 
respifaH m y illness * 


Method* 


turn Maitimmnl . lln Otegon Health Division designed la pilot stmli Ioiiii.imio 
seasonal changes in pulmonaiy tuixtiou tests 11*1 1 y among elcineiilaiy sltml childiciim:giadcs thus lliowiyh 
sis This age group has been shown to lx acceptable lor stkh study in similar investigation* lepoited in Ihe 
lileratme *'They are able to peilorm the spirometry maiieuveiv. and ate easily accessible itiiouyti hs.il 
school* Three area shob vcrr< chosen based i«m their proximity to high anJ Unc .PM.,,, air |v»thilMM« l» vel* 
(sec Figure Peterson andStcjm* Schools are hxaJeJ m the big'll exposure area l onger Scli«»»l is !• soled 
in a lower exposure area to the northwest ot the geologic depression; 
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linear regression analysis is performed. This enables the interaction among the dillerent variables to he 
examined: 


Ambient Monitoring . Air mom tunny for PM IU was conducted by the Department of Environmental 
Quality in both the high and low exposure areas. Peterson School. in the high cxpi>sure area, is the peniuncni 
site of an ambient air quality monitoring station which records continuous measurements on a year-round has, v 
This, mom hiring stationreflected I pollution levels for both schools in the hiyh exposure area. A second station 
was set Up a Conyer School in the lower exposure area to measure PM l0 levelk dunny the study.period: 

Each station employed an integrating nephelomcler which continuously monitored the smokiness ot air 
by measuring the light scatteriny coefficient inside a chamber. Hourly levels were calculated by an internal I 
computer. Due to limited availability of the equipment, ambient air momtonny in the low exposure area was 
only conducted hetween early November. 1989. and mid-March. 1990 


Results 


PMair pollution levels in KUmalh Falls were h»wcr dunny the winter ill 1989-90. than those 
recorded in previous years. (See Figure I lor comparison). This was due m part to warmer than usual winter 
temperatures as well as an increased level ol voluntary compliance with k*cal ellorts In reduce umkhJsIovu uv 
durmy air inversion episodes. In addition to being levs intense, the pattern ol air inversions dillcrcd Iron* 
previous years. The most severe and persistent! inversions occurred dunny December instead ot the period limit 
late January throuyh March-*** in prior years. 

Comparison n! i 24-hour average PM W levels hetween hiyh and low exposure areas is presented in 
Figure 3. Particulate levels: measured in the hiyh exposure area around Peterson Sch«»ol exceeded the NAAQS 
on 45 days dunny the 1989/90 heating seas*m. Particulate levels were consistently lower in the area around 
Conger School (the low exposure area), exceeding the NAAQS only once dunny the study period. 

A total of 464 elementary school children were originally enrolled in the study. Three completed sets 
of acceptable lung functum measurements were obtained Irom 410 (88.4%) ol the children. Data trom the child 
health survey were received for 310 (75.6 pcrccnl) ol these children. CHiUltcn. lor whom complete lung 
(unction data or survey information were lacking, did not drttcr significantly Irom the remainder ol lhe study 
population in terms ot age, sex anJ area ot residence. 

Table l presents the demographic characteristics of the children in the study tbrwhom we haJ ill rw 
complete sets ol acceptable data. Forty-nine percent ol the study population were males, and 51 percent were 
females. The overwhelming majority of the population was white. A small number tit Hispanic. N.itivc 
American, and! African American*students were also mciuJed in the study population This pattern closely 
reflects the racial make-up ot the three schools studied 

The average age ul the children was IU years, with a range Irom 7 to 14 years *>t age Peterson 
Elementary School accounted lor 44 percent of the study population, while Stearns School accounted l*o 
approximately 38 percent, and Conger School 18 percent. The level ot partietpiilnm in the study was ( »f 
eligible children Irom Peterson School. 60^ ol eligible children Irom Stearns School, and 66 percent ol eligible 
children Irom Conyer School Children Irom i Peterson and Steams School-. lice in the high exposure aiea »»| Ilk 
study (n * 335). Children Irom Conger School live in the low exposure area (n-75j: 

Table 2 presents a comparison tor selected demographic an J related characteristics between high and 
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Id** exposure areas The average length of residence in ihe community was similar tor children Jiving in both 
the high and low exposure areas, based on the responses from parents to the child health questionnaire. 

Children in the high exposure area (Peterson and Steams Schools) had a mean length of residence of 5.0 years 
Children in the low exposure area (Conger School) lived m the area for an average of 5.4 years. The 
difference was not statistically significant. 

The average reported level of parental income for the high exposure area was $29,000. and $32,000 tor 
ihc low exposure area. This difference was not significanti 

Mother's level nf education was the same for both exposure areas, 13 years. However father s level 
of education differed between the two exposure areas. Fathers in the high exposure area had completed an 
average of 12 tears of school, while fathers in the low exposure area completed an average of 14 years of 
hin 1 1 This difference was significant (p< .001). 

Reported woodstove use was similar for both exposure groups. In the high exposure area. 72.5% of 
the children lived in homes thai used a woodstove tor part or all of their heating needs. Among children in the 
li»w exposure area. 70.7% lived in homes that utilized woodstove heat. 

Tobacco smoke exposure was known for 276 of the children. In the high exposure group. 64 % of Ihe 
children were reported to have some exposure to tobacco smoke. This compares to only 46% of the children in 
the low exposure group This difference was significant at the p- .02 level. 

Asthma status was determined for each child through the child health survey. Approximately 10 
percent of the children had been diagnosed by a physician as being asthmatic. Another 19 percent of the 
children had two or more symptoms compatible with undiagmiscd asthma. The distribution of asthmatics was 
similar between high and 1 low exposure areas. 

Change in mean (average) PFT as measured by F£V l t was calculated'for each exposure area (see 
Figure 4 anJ Table 3) Children in the high exposure area showed a decrease in the mean F£V I C from baseline 
(Time-1) to winter (Time-2), The average values declined 2.3% during this interval!(p> .002) The mean 
FEV, 0 dix'hned an additional 2.2% from the winter (Time-2) to Spnng (Time-3) measurements (pC.001). 

Children in the lower exposure area showed essentially no change in mean FEV t# between Time-! and 
Time-2 (see Figure 4 and Tahle 3). There was a slight decline (0.8%) in mean FEV, # from Time-2 lo Timc-3. 

Figure 5 presents mean FEV (0 levels by w^oodslove exposure for the entire poputationj Children in 
homes where woodstove heat was used experienced a decline in FEV, 0 of 2.7% herween Time-1 and Time-2 
(sec Table 4). while those children in homes without woodstove heat experienced no change in lung function 
during the same time frame: Bfrlh exposure groups showed declines in mean FEV |# values between Time-2 and 
Time-3 (-1 7% tor those exposed to a woodstove in the home and -3.0% for those not exposed). 

The impact of woodstove use was examined by exposure area (Figure 6): Children in the high 
exposure area who live in homes with wood heat had significant declines in FEV r , from Time-1 to Tune-2. and 
again trom Timc-2 to Time-3 (3.3% pC.OOl and 1.5% p-.05. respectively {see Table 5j). 

Children living in the high exposure area who did not have woodstove heat m their homes had 
essentially no change in lung function (0.8%) from Time*! to T»me-2: They did, however, exhibit a significant 
dec line between Time-2 and Time-3 (4.2% p< .001). 


5 


I 


W 

o 

W' 

02 

$ 

2 

*o 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 



91 - 136 . 7 . 


Children in the lender outdoor exposure urea, who live in homes heated by woodstoves showed no 
change (0.2% decline) in mean FEV |# between Time-1 and Timc-2: These children dull however, show a 
decline m lung function of 2.5 % from Time-2 to Tltme-3 (p = .004). 

Children in the lower exposure area who live in * home with no wunduove showed a statistically 
insignificant increase in lung function of 2.7%. from Time-1 to Time-2: This pattern of increase cnnimued 
from Time 2-to Time-3 (1.1% increase). 

Figure 7 presents the mean FEV l8 over time, by tobacco exposure, tor all children lor whom tho was 
known. Children with no reported exposure to tobacco smoke baseline levels markedly higher than children 
who were exposed to tobacco smoke <94.8%. 92.2%. respectively) These differences. however. were n« it ; 
statistically significant (see Table 6), Mean lung function declined 2.5% (p* .02) between Time-1 and Time*2 
for children with no tohacco exposure, while children who were exposed to tobacco smoke had declines n| 

0 8% (not significant): Both groups experienced similar declines between Time-2 and Time-3 (-1.7% lor the 
not exposed group and -2.2% for the exposed group). The numbers of subjects with information about smoking 
are u>o small to conduct analysis by either exposure area or woodstove use. 

The major variables of interest were combined in a multiple linear regression analysis: Outdoor 
exposure area and home use of a woodstove were both significantly associated with declines in FEV 10 between 
Time-1 and Time-2. Eiposure to tohacco smoke, asthma status, parent's income, and parent s education were 
not statistically associated with changes in FEV l8i 

Summary 

Temperatures were warmer during the winter ot 1989/90 than in previous years when PM ko levels had 
been measured Pollution leveli were also lower during this winter and they occurred in December which w -as 
earlier than in previous years. Monitoring stations demonstrated that ambient PM, 0 pollution levels were 
con-Mently higher in the high exposure area than in the low exposure area. 

There were no differences between the two outdoor exposure groups in terms of age. race, .parental 
income, lengthiot residence in the community, or the use of woodsloves for heat. The two groups were 
statistically different in terms of father s education, exposure to tohacco smoke, and exposure to ambient levels 
ot PM 0 pollution. 

Significant decreases FEV l0 from baseline (Ttme-1) to winter (Time-2) were observed among children 
in the high exposure schools Significant decreases in FEV 0 were also observed between Timc-2 and Time-3 
tatter the winter heating season) among children in the high exposure area FEV, 0 also declined during ihi« 
latter time peninl among children in the lower exposure area Among the study populationrasthma status was 
not associated wuh a decline in lung function. 

Children in homes healed by wood stoves showed greater declines in FEV, 8 than children in homes th.it 
did not use woodstos.e heat. The association between home woodstove use and lung function was evident 
among children living in both high and low outdoor pollution exposure areas. 

Lung function measures either remained low or declined further between Time-2 and Time-3. This 
wa> an unexpected finding, seen among virtually all of the children in the study population It is povxih| e that a 
greater amount of time is needej for lung function to return to normal (baseline);folltu>ing approximately five 
months of exposure to elevated PM ,, levels. Itis also possible that hittk event or exposure, unexplained by the 
variables analyzed, was the cause of this decline 
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CONCLUSIONS 

Anaty sin of the Jala indicates that there was a significant;Jei.rea.se in averuge pulmonary function 
measurements among children in the high exposure area during the winter month's when ould«»r PM level* 
werc elevated This finding is consistent with results from other. stuJtes published m the 
literature * 

Additionally, the results iif this pih>t study found indoor woodslove exposure Juring winter months to 

K significantly aswiciutcd wiih declines tn children's FEV,,,, levels. IfiJoor w**.»Jstoye op.. nu\ K .nn«>i. 

important determinant ot children's lung 1 unction than exposure lo outdoor PM.„ air |w»ilni*.n» i uitU.r 'tuck is 
needed to lest this hypothesis. 

Children in this studs, who were exposed to tobacco smoke at the time ol the baseline spniniieiry 
measurements had maikedlv lower lung tunc lion measurements than children who were not c\p«*scdJ I'hilJien 
not exposed lo tobacco smoke haJ significant declines in lung function measurements during tlie period ol 
increased ambient PM'., pollulutfl levels. Their mean FEV,„ levels JfoppeJ tti those ot the JuIJrcirwho were 
exposed to tobacco smoke. 

This pilot study was not designed to be a definitive evaluation of the health cllecls ol wtwwjstose smoke 
exposure among elementary school aged children tn Klamath Fall*. A short time Iraiiic lor. planning and 
insufficient funding were clear limitations m this protect. For example, we we»e unable to vonJu k i a double 
baseline prior to the heating season, nor were we able to test pulmonary tunc bon dining the peak expnsuie lime, 
which ioccurred earlier in the winter than was expected. 

Furthermore, the locus of this study was to examine changes in pulmonary tunclmn among elementary 
sc h*Mil children over a specitied 'time period. This study did not consider all possible health etkvls which.may 
be ascociated with outdoor or iruhior wood smoke air pollution exposure. Nor are the findings necessarily 
general liable toother age groups which may he susceptible to this type ol pollution. 

\everihclcs.v several significant associations have been identified in this.study \JJitMiiullv imp* 'Haiti i 

i|ue*tmrw are raised bv tho study which could he addressed through further investigation and with-the 
appropriate lunjing These questions include: 

\ Whai ind«M>r pollutanls are the children exposed u> during ihe winter healing 

U How do lhe indoor pollutant levels compare with ontd<*or levels tin li'‘iuo using vc.-Jo-tve 

heat xersiis homes with other sources ol heat, and 1 how is this at levied by weatherii.ition 
status/' 

L\ Would children’s lung function changes be even greater, it we had the flexibility to conduct 
testing at the absolute peak period ot I’M,,, pollution?' 

[) What is incurring: during spring which might further atlcel children’s lung function teg 

cumulative effects ol air pollution exposure, high pollen counts, continued short duration |4-fc 
hours | high PM, u pollution levels .occur ring at nights, reaction to ambient si|i v a dust exposuie. 
or outbreaks ot respiratory illness).' 

We hope to be able to adJiesc these x|uestions in the future 
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FIGURE 1 Klamath Falls PM 10 levels. 
November 1987 to July 1990 



FIGURE 2 Klamath Falls nephelometer survey 
January 26, 1989, 9:00 p,m. 

(j/g/m 3 PM, 0 ,5 minutes averages)* 
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FIGURE 3 Klamath Falls PM 10 levels by exposure area. 

November 1989 - June 1990 
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Undoi the new Icdcr.il copyright l.iw 
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TABLE 1 Selected demographic variables 
for the study population, N =410. 
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StuOtf Population 
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TABLE 2 Selected demographic variables by exposure area 
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FIGURE 4 Change in mean FEV 1.0 for elementary school children 
by exposure area. N = 410. 

Klamath Falls, Oregon. 1990 
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TABLE 3 Change in mean lung function among elementary 
school children over the study period 
by exposure area, N = 410. 

Klamath Falls. Oregon, 1990 
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FIGURE 5 Change in mean FEV 1.0 for elementary school children, 
by home woodstove exposure, N = 287. 

Klamath Falls, Oregon, 1990 


TABLE 4 Change in mean lung function among elementary 
school children over the study period 
by home woodstove use. N = 287. 

Klamath Falls, Oregon. 1990 
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FIGURE 6 Change in mean FEV 1.0 for elementary school children, 
by exposure area and woodstove use, N = 287. 

Klamath Falls, Oregon, 1990 


TABLE 5 Change in mean lung function among elementary school 
children over the study period by exposure area 
and by home woodstove use, N = 287. 

Klamath Falls, Oregon, 1990 
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FIGURE 7 Change in mean FEV 1.0 for elementary 
school children, by tobacco smoke 
exposure, N = 276. 

Klamath Falls, Oregon, 1990 


TABLE 6 Change in mean lung function among elementary school 
children over the study period by exposure 
to tobacco smoke, N = 276. 

Klamath Falls, Oregon, 1990 
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Lipsett, M., Ostro, B.D., Lipsett, M.J., Wiener, M.B., Seiner, 
J.C., "Human Health and Environmental Effects. Session 136. 
Woodsmoke Exposure and Human Health Impacts: Effects of Exposures 
to Indoor Combustion Sources on Asthmatic Symptoms," Proc Annu 
Meet Exhib Air Waste Manage Assoc 15A(84): 1-16, 1991. 

The authors presented preliminary results of an analysis of 
relationships between indoor and selected outdoor exposures and 
respiratory symptoms in a population of adult asthmatics residing 
in Denver, Colorado during the winter of 1987-1988. Outdoor 
exposures were measured daily. Estimates of indoor exposures were 
taken from daily diaries that the subjects filled out. The diaries 
also contained information on symptoms, medication use, utilization 
of medical services and other variables. The authors reported that 
"episodes of severe cough are strongly associated with the use of 
a fireplace or woodstove in men and women, suggesting an irritant 
effect of woodsmoke." The authors reported that gas stove usage 
was "an important factor" for women, while occupational exposure 
and domestic ETS were for men. The authors concluded that "this 
investigation documents a strong daily relationship between exposure 
to cigarette smoke and increased probabilities of clinically 
significant symptoms in free-living asthmatic adults." 
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INTRODUCTION 

Asthma is a chronic respiratory condition characterized bv airway 
inflammation, and intermittent episodes of bronchospasm that can;be 
provoked bv a variety of stimuli, including air pollution*. Although 
there have been numerous controlled exposure investigation| gf the 
pulmonary effects of specific air pollutants on asthmatics 
relatively few epidemiologic studies have examined: relationships between 
asthmatic status and exposure to both indoor and outdoor sources of air 
pollution. ® While indoor concentrations of some pollutants (eg., 
ozone) may reflect outdoor levels, others are strongly influenced bv 
the presence of combustion sources including gas stoves, fireplaces and 
woodstoves, and cigarette smoking. Indoor combustion produces a 
complex mixture of chemicals, many of which are respiratory irritants 
that may affect people with asthma, including nitrogen dioxide, 
aldehydes, acids and:particulate matter. * In this paper we 

report preliminarv results of an analysis of relationships between 
indoor (and selected outdoor) exposures and respiratory symptoms in a 
population of adult asthmatics residing in the Denver, Colorado 
metropolitan area during the winter of 1987 to 1988. 

DATA AND METHODS 

Study Population 

Study participants were recruited from patients attending the 
clinic of one co-author (J.S.). Diagnosis of asthma was made in each 
case by history and signs of airway obstruction on physical examination, 
confirmed by spirometric demonstration of obstruction reversible with a 
0-agonist bronchodilator ( > 15% change in FEV^>. Asthmatic patients 
were identified by clinic staff and were recruited for participation 
either during an office visit or by telephone and postcard contact. 
Denver residents between ages 18 and 70 were eligible to participate ini 
the study if they had asthma currently managed with medication. 
Individuals with any other chronic medical condition that would restrict 
their activity were excluded. 

This panel of asthmatics was asked to record, on a daily basis for 
several! months, information about symptoms, medication use, utilization 
of medical services, indoor exposures, and other variables described 
below. A panel study has several advantages over other investigative 
designs. First, it provides a large number of observations, increasing 
the degrees of freedom and the stability of any estimates. Second, 
problems of confounding, omitted variables, and exposure assessment, 
while always present, are substantially reduced since individuals serve 
as their own controls over time. Thus, the impact of factors that vary 
daily, such as air pollution, can be isolated while other factors are 
held constant. Third, the consideration of a given sample in one 
metropolitan' location over time eliminates the potential for any 
intercity confounding. 
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Health Measurements and Govariaces 

After giving informed consent, participants were required to fill! 
out an intake questionnaire providing background data on demographics 
(age, sex. race, level of education, employment status, residential 
history);, asthma severity and characteristic triggers and symptoms, 
medical history including medication use, smoking history, and previous 
environmental exposures. A diary instrument was designed to provide 
daily information on asthma symptoms, including Che presence and 
severity on a scale of 0 to 4 (O-none, 1-raild, 2-moderate. 3-severe, 
^-incapacitating) of cough, wheeze, shortness of breath, chest 
tightness, and sputum production, as well as physician: and emergency 
room visits. In addition^ information was obtained oni the frequency of 
medication use, time spent outdoors, exercise intensity and location 
(i.e., indoors or outside), and potential indoor exposure to sources of 
respiratory irritants including gas stoves, fireplaces and woodstoves, 
environmental tobacco smoke, and occupational exposures. Participants 
were told that this was an investigation of environmental! factors 
affecting asthma, but not that the principal variables of interest were 
air pollutants. 

There were 330 intake questionnaires distributed (93 during office 
visits and 237 by mail) from November 15 to December 16, 1987. Of the 
initial group recruited, 256 returned the intake questionnaires. Study 
subjects were contacted by clinic staff intermittently throughout the 
study period (December 1987 through February 1988) to enhance compliance 
and continued participation. Ultimately, 207 patients submitted daily 
diaries, of which 182 contained complete information on indoor 
exposures. Table 1 displays the demographic characteristics and asthma 
severity for the latter group, who were predominantly white, female, 
employed and well educated, with an average age of approximately 46. 

The mean subjective asthma rating of moderate to severe is supported by 
the relatively large proportion of individuals taking daily oral 
theophylline and steroid preparations. 

Exposure Measurement 

Both outdoor and indoor air pollutants were considered as exposure 
measures. The ambient air pollutants available for the analysis were 
daily measures of sulfates, nitrates, PM2.5, nitric acid, hydrogen ion 
(H + -- an index of airborne acidity), and sulfur dioxide. Previous 

analysis of the data 1 indicated that, of the outdoor pollutants. H* was 
most strongly and consistently associated with respiratory symptoms and 
overall asthma status (chough daily sulfate was also associated with one 
symptom -- shortness of breath). Therefore, H + was the sole outdoor 
pollutant used in this examination of the potential health effects of 
indoor air. 

Daily measurements (9:00 a.m. to 4:00 p.m.) of H + were made at two 
monitors: one in downtown Denver, located about 2 miles from the clinic, 
and the ocher in the suburb of Arvada, located about 7 miles to the 
northwest. Because of problems in sample processing, the H* data were 
available only for half of the study period. Therefore, missing values 
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were predicted using regression results with: concurrent sulfate as the 
explanatory, variable. With these substitutions, the daytime mean of H* 
was 8.15 nanoequivalents (neq)/n> or approximately 0.4 /ig/nr measured as 
sulfuric acid, with the highest dailv average of 44 neq/m 3 . These 
levels are typical of urban areas. Analysis of the two monitors 

recording H + indicated that the concentrations of airborne acidity were 
fairly evenly distributed; the daily between-site correlation of the 
readings was 0 88. Thus, the one downtown monitor was used to represent 
daily levels of H + . Ozone concentrations, which frequently are highly 
correlated with sulfates and acids in the summer, were essentially at 
background levels through the winter in Denver (i.e., the maximum one- 
hour concentration was 0.042 ppm) and were not correlated with H * 

concentrations. 

Data on indoor exposures were based on binary responses in the 
daily diary. No measurements of indoor concentrations were undertaken. 
The questions in the diary were: 

Were you exposed to irritating smoke, dust or fumes today at work? 

Were you exposed to cigarette smoke at home today? 

Did you use a gas stove today? 

Did you use a fireplace or wood stove today? 

Table 2 provides descriptive statistics for the indoor and outdoor 

pollutants, meteorologic and health variables. The correlations between 
indoor exposures and outdoor pollution (H + ) are low (Table 3) . All data 
from questionnaires, daily diaries, air quality and meteorologic 
monitoring were coded and edited in a SAS format for analysis. 

Statistical Methods 

In this analysis,, three different health outcomes were used as 
dependent variables in logistic regressions: the probability of a 
respondent reporting on a given day a moderate (or worse) cough, 
moderate (or worse) shortness of breath, and severe cough. The latter 

measure was included in order co examine more closely the relationship 

of indoor exposures to serious symptoms. As a daily average, 17.2 
percent (range: 8.7 to 33 percent) reported moderate or worse cough, and 
17.8 (range: 9.1 to 28 percent) reported moderate or worse shortness of 
breath, and 3.8 percent reported severe cough (range: 0 co 10.3%) (Table 
2 ):. 


Ue estimated effects on each health outcome using logistic 
regression' models. Based on earlier analysis. the other variables 
included in the regressions were outdoor air pollution; (i.e.. H ), the 
number of the day of the survey (to correct for secular trends in 
reporting) and whether the individual reported a symptom on the previous 
day. Neither temperature nor humidity was related to health status and 
both were excluded from subsequent analysis. The impact of indoor air 
pollution was estimated by considering each source separately in a 
regression equation. The models were applied to men and women 
separately and combined. 
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A different model was used to examine Che impact of fireplaces and 
woodstoves. Exposure to emissions from this indoor source may be 

determined in part by the dependent variable in the regression; that is. 
the occurrence of a moderate or worse respiratory symptom may influence 
the decision to use a fireplace or woodstove. This potential 
simultaneity violates a fundamental! assumption underlying regression 
analysis that the error terra be independent of any of the explanatory 
variables. In order to address this potential problem, we used a 

simultaneous system of equations. In this system, we first developed 
a regression equation to predict the use of a fireplace or woodstove. 
This predicted variable was then independent of the error term and. when: 
substituted for the indicator variable (fireplace or woodstove use), 
generated an unbiased estimate. 

RESULT'S 

Table 4 displays the results of the logistic regressions for the 
outcome of moderate or worse cough. The estimated coefficients for 
outdoor air pollution, measured as hydrogen ion. are presented with the 
four indoor air pollution sources, each:considered separately in a 
regression. For the total sample, both the air pollution effect and all 
four indoor sources were associated with the probability of reporting a 
moderate or worse cough. Other significant influences on this dependent 
variable were the day of the survey and the occurrence of cough on the 
preceding day. For men, all four indoor sources were statistically 
significant, but outdoor H + was not. For women, outdoor air pollution 
was statistically associated with cough, while among the indoor sources 
only gas stove use was significant. 

Table 5 displays a similar set of coefficients for the outcome of 
moderate or worse shortness of breath. Again, for the sample as a 
whole, both the outdoor air pollutant and all four indoor sources were 
statistically significant. In general', this result also held for both 
men and women l Fox severe cough in the entire sample as a whole, only 
the indoor sources were statistically significant (Table 6). For men. 
daily woodstove or fireplace use, exposure to occupational irritants and 
to residential tobacco smoke were all associated with the probability of 
severe cough. For women, gas stove and fireplace or woodstove use were 
significant. 

Table 7 summarizes the increases in probability of moderate or 
worse cough attributable to indoor pollutant exposures. For example, 
use of a gas stove on a given day would correspond to 10.1% increase in 
the probability of moderate or severe cough in this study population. 

DISCUSSION 

The results of this preliminary analysis suggest that both oucdoor 
air pollution,and indoor sources of combustion play important roles in 
the exacerbation of cough and shortness of breath in a population of 
adult asthmatics. In a previous paper, we showed that, among the 
measured outdoor air pollutants, ambient airborne acidity was most 
consistently related to the occurrence of these symptoms. This analysis 
focuses on the impact of several indoor sources: gas stoves. 
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environmental tobacco smoke, fireplaces or woodstoves, and occupational 
exposures. For moderate or severe cough; men appear to be more 
susceptible to the effects of the indoor versus the outdoor pollutants, 
while the opposite is true for women. Further analysis is required to 
determine whether this disparity in gender-specific responses reflects 
differences in exposure time or intensity, asthma severity, or in the 
entire pattern of activities and joint exposures. It is possible, 
however, that the variation in the results for men and women may be 
attributable to the different sample sizes. 

Shortness of breath in both sexes appears to be associated with 
ambient concentration and with all the indoor exposures. Episodes of 
severe cough are strongly associated with, the use of a fireplace or 
voodstove in men and women, suggesting an irritant effect of woodsraoke. 

As for the relationship of the other indoor exposures to this outcome, 
gas stove use was an important factor for women, while occupational 
exposure and domestic environmental tobacco smoke were for mem It is 
reasonable to postulate chat the myriad respiratory irritants produced 
by domestic combustion bear a direct causal relationship to the symptoms 
reported in this study. There may also be indirect interactions among 
the pollutants, e.g., increased bronchial reactivity from exposure to 
NC >2 ' in gas stove emissions may lower the threshold of response to 
substances in woodsmoke and environmental tobacco■smoke. Such potential 
interactions are the subject of ongoing research. 

Though it is widely recognized that people spend roost of their 
time indoors, relatively few epidemiologic investigations have attempted 
to analyze the relative contributions of indoor and outdoor air 
pollution to the respiratory status of asthmatics. * In these studies, 
asthmatic symptoms were found to vary by season, with different 
combinations of outdoor and indoor (specifically, gas stoves and:passive 
smoking) exposures significant at different times of the year. The 
results reported here are consistent with these other investigations, 
and also include quantitative estimates of the magnitude of the effects 
of indoor sources. In addition, we have found that ambient H + and use 
of a woodstove or fireplace significantly affect the probability of 
moderate or severe coughiand shortness of breath. To our knowledge, 
this is the first empirical demonstration of this effect of woodsmoke on 
daily symptoms in adult asthmatics. Our findings are corroborated by 
other recent work indicating that ambient woodsmoke affects pulmonary 
function in asthmatic children* and that exposure to forest fire smoke 
is associated with increased emergency room visits for exacerbat ions of 
asthma . 

Previous studies have shown an effect of parental smoking on 
exacerbations of childhood asthma and; in a controlled setting t^.qt 
some asthmatics are consistently sensitive to cigarette smoke k 
This investigation documents a strong daily relationship between 
exposure to cigarette smoke and increased probabilities of clinically 
significant symptoms in free-living asthmatic adults. Ve have found a 
quantitatively similar relationship between gas stove usage and 
respiratory symptoms, which would not necessarily have been predicted 
from controlled studies of asthmatics exposed to low levels of SOy in 
environmental chambers. * It is possible that the effects we observed 
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are a result of the relative severity of the clinical status of the 
study participants, or are driven by exposure to by-products of gas 
combustion other than NC> 2 such as nitrous acid. At least one other 
series of studies has found an acute effect of gas stove usage on 
asthmatic pulmonary function, but the magnitude of the effect is 
difficult to assess. • With the caveat that these are preliminary 
results, the principal public health implication of our findings is that 
individuals with moderate to severe asthma should reduce to a minimum 
their exposure to residential sources of combustion, including 
fireplaces or'woodstov.es, gas stoves, and tobacco smoke. 
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Table 1. Characteristics of Patient Population 


Mean Age 45.6 

% Maie 54.0 

Race (%) 

White 96:5 

Black 1.5 

Other 2.0 

Education(%) 

College 62.0 

High School; 37.0 

Less than High School 1 0 

Employment status (P/o) 

Employed outside home 70.0 

Homemaker 10:5 

Retired 13.5 

Other 6:0 

Mean subjective asthma severity 1.7 

rating {C=none, 4=mcapaciting) 

% Daily Theophylline 53.0 

% Daily oral steroids 16.9 

% Current smokers 3.0 


Q 
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Table 2. Descriptive Statistics of Pollutant, Meteorologic 
and Health Variables. 


Variable ! 

N 

(days) 

! 

Mean 

Std. dev. 

j 

Min; 

Max 

H+ (neq/m3) 

74 

8.15 

8.20 

0.59 

; 44.25 

Minimum Temp (F) 

l 

105 

17.71 

11.97 

-11.0 

39.0 

Moderate Cough 
(proportion/day) 

74 

.172 

.049 

.087 

.33 

Severe Cough 

74 

.038 

.019 

| .000 

.103 

Moderate 

Shortness of 
Breath 

74 

.178 

.034 

.091 

i .280 
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Table 3. Correlation Coefficients for Exposure to Indoor 
Sources, Ambient H+ and Temperature. 



H+ 

Gas 

Occup. 

ETS 

Fire 

Gas 

.00 





Occup. 

.01 

-.00 




ETS 

.01 

.04 

.03 



Fire 

.03 

.09 

-.02 

.03 


Minimum 

Temp. 

-.33 

-.01 

-.00 

-.03 

-.10' 


Note: H+ = outdoor hydrogen ion concentration; Gas 
= gas stove; Occup. = occupational! exposure; ETS = 
environmental tobacco smoke; Fire = fireplace or 
woodstove. 
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Table 4. Logistic Regressions Coefficients Relating Indoor and Outdoor 
Exposures to Moderate or Severe Cough. 


Exposure 

M 

mm 

— 

Log (Hn 

I 

.0892a 

1 .0035 

.1 .1278a 

Gas Stove 

•7314® 

.8793 a 

.6289 a 

Log (H + ) 

,0699b 

-.0275 

.1109® 

Woodstove or 
Fireplace 

j 1.0571 a 

3.3770® 

! 

I .6315 

,Log (H + ) 

.0873® 

.0097 

.1247 a 

Passive Smoke 

,1943 b 

.4774® 

.0336 

Log (H*) 

i 

,0784 a 

.0047 

.1132® 

Occupational 

. 1342 c 

6272 a 

-.1371 


a = p< .01; b = p < .05; c = p < .10 


£ 

£2 

2 

£2 
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Table 5. Logistic Regression Coefficients Relating Indoor and Outdoor 
Exposures to Moderate or Severe Shortness of Breath. 


.1 

M 



Log (H + ) 

i .0967* 

.1018 b 

-1 

.0962* 

Gas Stove 

.6362* 

.4343* 

.783a* 

Log (H+) 

.0734* 

.0613 

0788 b 

Woodstove or 
Fireplace 

2.4293* 

4.6984* 

1.0416* 

Log (H +: ) 

' .0957* 

,11i10 b 


(Passive Smoke 

.6145* 

1.1365* 

■SSI 

Log (H+) 

.0B92 a 

,1004 b 

.0864* 

Occupational. 

.3185* 

.7549* 

.04863 


a = < .01; b = p < .05;;c = p <10 
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Table 6. Logistic Regression Coefficients Relating Indoor and Outdoor 
Exposures to Severe Cough. 


Exposure 

M 

Men OnlV 

Women Onlv 

Log(HT) 

.0278 

.0069 

.0343 

Gas Stove 

7732 a 

.3805 

1.0607* 

Lcg(Ht) 

.0236 

-.0308 

.0333 

Woodstove or 
Fireplace 

1.75710 

3:8546 a 

1.87503 

Log (H+) 

.0264 

.0186 

.0327 

Passive Smoke 

.43633 

1.0572 a 

-.0415 

Log (H + ) 

.025L 

.0037 

.0341 

Occupational 

.5233 a 

1.2964 a 

.0910 


a = p < .01; b = p < .05; c= p < .10 
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Table 7. Estimated Magnitude ol Effect of Indoor Sources on Moderate or 
Severe Cough. 


1 

Estimated Increase in Symptom Probability. 

1 

Effect of Daily Exposure 
Fromi 

i 

AU 

■Men 

Womeni 

' 

Gas Stove 

.104 

.125 

.090 

Woodstove or Fireplace 

.151 

i 

.481 

NS 

Passive Smoke 

.028 

i 

.068 

i 

! NS 

Occupation 

.019 

.069 

NS 

! 


NS = Estimated effect not significantly different from zero. 
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Behera, D., and Jindal, S.K., "Respiratory Symptoms in Indian Women 
Using Domestic Cooking Fuels," Chest 100: 385-388, 1991. 


The authors studied "the effect of domestic cooking fuels producing 
various respiratory symptoms" in 3,701 women. The authors reported 
that "exposure to domestic cooking fuels produced a significant 
amount of respiratory morbidity" and that "use of smokeless devices 
and provision of adequate ventilation might be helpful to prevent 
some of these effects." Reportedly, the data suggested that smoking 
women exposed to such cooking fuels "experience respiratory symptoms 
more often than nonsmokers." 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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Respiratory Symptoms in Indian Women 
Using Domestic Cooking Fuels* 

Digambar Behera, ,\/.D. v F.C.C.R; and 
Surinder Kumar Jindal, A/.D:, F.C.C.P. 


The effect of domestic cooking fuels producing various 
respiratory symptoms was studied in 3,701 wornem Of 
these, 3,608 were nonsmoking women who used four 
different types of cooking fuels: biomass, LPG. kerosene, 
and mixed fuels. The overall respiratory symptoms were 
observed in 13 percent of patients. Mixed fuel users 
experienced more respiratory symptoms (16.7 percent), 
followed by biomass (12.6 percent), stove (11.4 percent), 
and LPG (9.9 percent). Chronic bronchitis in chulla users 
was significantly higher than that in kerosene and LPG 


users (p<0.05). Dyspnea and postnasal drip were signifi¬ 
cantly higher in the women using mixed fuels. Smoking 
women who are also exposed to cooking fuels experienced 
respiratory symptoms more often than nonsmokers (33.3 
percent vs 13 percent). (Chest 1991 ,• i00:385-8 Si 


ANOYA* analysis of variance: COIIbsscarboxyhemnclohin; 
LPG sr liquified petroleum gas; MRC= Medical Research 
Council 


T^omestic conking is one of the important functions 
for the average Indian housewife. The number 
of hours spent in the kitchen for domestic work and 
cooking is variable depending <m the burden of extra 
work. On an average, an Indian housewife spend* 
about six hours in the kitchen daily for cooking food 
and other piirpmes and because of sociocultural rea¬ 
sons, she is exposed to the fuel at an earh age of about 
15 years. Therefore, during her lifetime, she is exposed 
for 30 to 40 years* equivalent to BO.(XX) hours. The 
location of the kitchen, the type-of ventilation, amiltbr 
type of fuel user! play a significant role < hi health. In 
most urban areas, the krtclirrw are Unrated within the 
main house and the ventilation is generally good. In 
rural houses, most of the cx>oking is carried I out in an 
enclosed space with poor ventilation because of cul¬ 
tural reasons and seasonal variations. 

The type of cooking dev ice used also is significant 
as far as indoor air pollution is concerned. Commonly, 
four types of cooking dev ices are availiibfe throughout 
this country. These include (1) kerosene stove (wick 
type or pressure type); (2) coal-lighted “angithif (3) 
gas stove operated by liquified petroleum gas (LPG); 
and (4) “chulla” in which biomass fuels (dried dung, 
crop residues, and agricultural wastes) are used. The 
amount of indoor air pollution of morbidity and 
mortality produced by these fuels has been discussed 
by various authors. 1 " Padmavati and Arora 1 * had sug¬ 
gested that the development of chronic bronchitis and 

•From the Department of Pulmonary Medicine.. Fritgraduale 
Institute of Medical Education and Research, Chandigarh, India. 
Manuscript received May 14; revision accepted Deeemlser 11 


cor pulmonafe in nonsmoking rural women may be 
due to the exposure to the smoke during cooking. In 
a preliminary study, Malik 1 " had reported chronic 
bronchitis contributed by indoor air pollution in 
nonsmoking women. In the present sttuK, an attempt 
is made to find out various respiratory symptoms in 
women using different cooking fuels. 

Material and Methods 

A btmse-hi-hiHise: sunny; was carried *»iitiin five villai^'v situated 
aUmt 5 km south of the Chandigarh city m Northern India Thr 
area is fn-e of.tny imhistri.il or i»eiieral atmospheric pnlluimni.Tlie 
villagers live m iiiiiil*ual!eil nr semiqmcca tvpe ♦>! Iionsuv Tile 
cntnitx hi ctMiking'devices include chulla iimiu* Inmitass tuel. uas 
stove usimj LPG, kerosene stove. or a combination <*!’ tu*» nr more 
nl these: The eligible population for this study consisted <•( every 
women engaued in household conkim*. The defined ]*• »p«tt.i(i>»n 
tiimiU'rcd 4.25W. 

Detailed respiratory symptoms were rrvrjhul! m a standard 
questionnaire .idapted from that of the British M<*dicul Research; 
Council (MHO. and chronic bronchitis was diagnosed! from the 
presence of cough with expectoration for three months in a year for 
at least two consecutive years on the recomniemfed' criteria of 
MRC." Other symptoms noted were cough <falling short of the 
definition for chronic bronchitis), dyspnea in the absence of any 
clinical cardiopulmonary disease nr severe anemia ami I obesity;, 
bronchial asthma dia^mised on the history of episodic couuh with 
wheezing, presence of rhonchi, response to bnmehodiiators; and 
postnasal drip. Basic demographic data, smukirn: history. I*nation 
of the kitchen, adequacy of ventilation, and the tvj>e of c*tokmg fuel 
used were also noted. Exposure index was calculated as the average 
numlser of hours spent daily for cooking multiplied by the nwnlier 
of years of csxiking. Height w as measured with the subjec t st anding 
and without shoes. 

The survey team consisted ofone social worker, one technician, 
and a medical physician. The same team surveyed the whole 
population and the questionnaire was administered! and filled out 
by the social worker after carefully explain mu each question to tile 
individual. A detailed physical ami clinical evamination ^.o done 
by the visiting phy sician. Spirometry was carried 1 not In means of 
a portable electronic spirometer (Spiroscreenj Gmtld. Singapore'' 

CHEST / 100 / 2 / AUGUST. 199’ 385 
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Table 1 — Age, Height, and Exposure Index of the Subjects 
(Mean ± SE) 


Fur) 

Age, yr 

Height, cm 

Exposure Index 

Chulla 

Symptomatic n * 126 

36.9-n 

1555 = 0.5 

77 .5£. 4.8 

Asymptomatic n = 674 

29.0-0 4 

155 1 -0.2 

56.1 = 1." 

p value 

<0.001 

>0.05 

<0.001 

Stove 

Symptomatic n * 129 

29.6 = 0.6 

15: 3 = 0 6 

43.2-3.1 

Asymptomatic n « 1,000 

27.1-0.2 

15: 0=0.2 

35.32:0.9 

p value 

<0.01 

>0.05 

<0.05 

LPG 

Symptomatic n * 48 

34 9-1.8 

153 1-0.8 

53.1 ±5.8 

Asymptomatic n = 437 

31.52:0.5 

153 0 = 0.3 

46.12:2.0 

p value 

>0.05 

>0.05 

>0:05 

M ixed 

Symptomatic n= 166 

33.6-0.9 

153 4 x 0.4 

52 4 2:3.6 

Asymptomatic n * 626 

26.2-0.4 

is:.2 = 0.2 

36.92:1.2 

p value 

<0.001 

>0.05 

<0.001 


after explainingand demonstrating the procedure tr»each indiv idual. 
Three graphs were oblkmediin each patient and the best one was 
chosen as the representative value for the individual. 

Tht* survev team: was first trained u. the lalxiralury in the 
technique of interviewin': and carrying not spirometry Periodic 
checking was done tu'verify tin* accuracies i if it he survev hv a senior 
consultant of the department. 

Data were a«aU*zed hv meanvof slatjjraphics v 3.0 on a computer 
(IBM PC XT).: Cross tabli* x : testand anaJv sis of variance (ANOYA); 
was used for statistical analysis: 

Results 

A total of 3,718 women were studied that covered 
67.3 percent of the total female population. The 
remaining 13 percent of the women could not be 
studied because either they did not consent to partic¬ 
ipation or they could not be contacted on repeated 
visits. After excluding those with history of smoking 
(n = 93, 2:5 percent) and other concomitant diseases 
(n=17), a total of 3,608 nonsmoking women were 
analyzed for the presence of respirator) symptoms. 
There w ere mainly four types of cooking fuels used by 
these women: chulla (biomass fuel); stove (kerosene 
oil); liquified petroleum gas (LPG); and mixed fueU 
such as a combination of two or more. 

Table 1 shows the distribution of age, height, and 
exposure index in the population studied: The symp¬ 
tomatic women had higher age (p<0.05 to 0.001) 


except the LPG users. Similarly, the symptomatic 
women had higher exposure index in all fuel groups 
(p<0 05 to 0.001) except the LPG users. The height 
was similar in all the groups. Table 2 shows different 
types of respirator}’ symptoms encountered by differ¬ 
ent fuel users. Mixed cooking fuels produced respira¬ 
tory’ symptoms in 16.7 percent of the women. About 
13 percent of chulla users and 11 percent of stove 
users encountered various respiratory symptoms. The 
overall respiratory symptoms w'ere 13 percent in all 
groups of women, x 2 tests across all cooking device 
categories revealed statistically significant differences 
in the symptoms (p<0.01) and then individual com¬ 
parisons were made using the x 2 lest. Chronic bron¬ 
chitis in chulla users was significantly higher than that 
of kerosene stove and mixed fuel users (p<0.05). 
Mixed fuel users experienced dyspnea and postnasal 
drip more often than other fuel users (p<0.05). The 
prevalence of respiratory symptoms was more with 
increased exposure index in all the four groups of fuel 
users (Table 3), Tabte 4 gives various symptoms in 
smoking women using different fuels. Lung function 
parameters are given in Table 5. It was observed that 
asymptomatic women had higher values (percent 
predicted) for most of the parameters compared with 
symptomatic women (p<0.05 to 0.03) except in the 
LPG group and in the mixed fuel users where the 
predicted FVC and FEV, values were comparable. 
Chulla users had lbwest values for all four parameters 
(both symptomatic and asymptomatic). 

Discussion 

It is w ell established that all types of cooking fuels 
produce respiratory irritants such as oxides of nitro¬ 
gen. sulphur dioxide, and unburnt hydrocarbons (soot 
particles) 1113 Soot particles that are generated more 
with fire wood cooking chullk are probably more 
hazardous in causing changes of chronic bronchitis as 
well as airways obstruction. Chronic bronchitis in 
nonsmoking women has been reported to vary be¬ 
tween 0.44 percent and 4.96 percent by various 
investigators from this country 14,17 Wig et al H from 
Delhi had reported quite low' frequency of chronic 
bronchitis in the rural nonsmoking women (0.44 
percent). However, Malik and Behera 15 have reported 


Table 2 —Comparison of Symptoms in Different Fuels (Ts'onsmokers)* 


Fuel 

Number 

studied 

Chronic 

bronchitis* 

Cough 

Dyspneat 

Bronchial 

Asthma 

ftatiMsaJ 

Drib} 

Total§ 

Chulla 

1,000 

29 (2.9) 

10 (1.0) 

77 (7-7) 

5 10.5) 

5 (0.5) 

126 (12 6) 

Stove 

1,129 

15 (313)' 

9 (0:8) 

75 (6.6) 

10 (0.9) 

20 (1.6) 

12901.4) 

LPG 

485 

12 (2 5). 

3 (0j6) 

27 (5.6) 

1 (0.2) 

5 (1.0) 

46 (9.9) 

Mixed 

994 

12 (1.2)' 

6 (0 6) 

121 (12.2) 

6 (0.6)i 

21 (2.1) 

166 (16.7) 

Total 

3,606 

66 (1.9li 

26 (0:8) 

300 (6.3i; 

22 (0.6): 

- 51 (1.4' 

469 (130 


•chulla vs stove and mixed p<0.05, tmixed vs chulla and stove p<0.05, $mixed vs chulla p<0 05, § mixed vs LPG p<0.05 
Numbers in parentheses indicate percentage. 
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Table 3—Symptoms According to the Exposure Index * 


Fuel 


Exposure 

Index 


Symptom 

No. 


Symptom 

No. 


S\-mptr>m 

No. 



Symptom 

No. 


21 (6.8) 

309 

37 (8 9) 

417 

9 (6.5) 

319 

41 

vl2,02) 

340 

0: 12 (13.5) 

89 

21 {10 3) 

204 

8; (14.3)i 

56 

22 

(15.0) 

147 

0 10 (10.2) 

98 

19 (12 6) 

151 

6 (9.4) 

64 

24 

(21.D 

114 

0 11 (18.03) 

61 

11 (12.6) 

87 

4 (8.7) 

46 

15 

04.1‘- 

107 

72 (16.2) 

+43 

41 (15.2) 

270 

21 (11.71 

180 

64 

(22.4): 

286 


•Numbers 

in parentheses indicate percentage. 

Table 4 — Respiratory Symptoms in Smoking Hbroen Exposed to Cooking Fuel * 



Number 

Studied 

Chronic 

Bronchitis 

Cough 

Dyspnea 

Post nasal 

DnH 

Total 1 

Chulla 

19 

3 ilo.SV 

— 

3 (15.8) 

— 

6.(31L6) 

StUVf 

24 

-- 

1 4.2' 

2 (8.3) 

•3 v 12.5)> 

6 .25) 

L PC 

1 

' - 

- 

- 

- 

- 

Nbxed 

49 

7 04-3) 

2 (4.1)' 

10 (20 4) 

- 

19 3S.S) 

Total 

93 

10' 00.7) 

3-i 32); 

15 (.16: D 

3 \3; — V 

31 (33,3): 

•Numbers 

tn parentheses indi< 

:alex percentage. 






a higher prevalence rate up to 4.96 percent from 
Chandigarh. Charan, |fi in a large study from rural 
Punjabi re ported I chronic bronchitis in >3 (0.74 per¬ 
cent) of 7 t l32 subjects. These studies have not paid 
particular attention to the role of cooking fnelk,, 
although speculation was made about its role in the 
causation of!chronic bronchitis. Thinivengadum et al ! " 
from: Madras (Southern India) have also reported the 
prevalence of chronic bronchitis to he 1.5 percent in 
female subjects- Similarly, a low prevalence of chronic 
bronchitis has been reported 1 from Nigeria (0.24 
percent )." Zimbabwe (2.S percenth ,t# Japan (3.1 per¬ 
cent), ^ and Uppsala (1.5 percent)- 1 in nonsmoking 


women. However, only one studv from Nepal' has 
shown a high prevalence of chronic bronchitis in 12.57 
percent cases of nonsmoking women and directly 
attributed to domestic smoke pollution, particularly 
biomass fuel. Our present study shows an overall 
prevalence of chronic bronchitis of 1.9 percent and 
when analyzed for different cooking devices, it was 
2.9 percent for chulla users. Cough, as reported by 
some women, does not fit the definition of chronic 
bronchitis. Perhaps these are a subset of patients with 
chronic bronchitis, and if history is taken, they will be 
diagnosed as having chronic bronchitis. Then the 
overall incidence will rise to 2.7 percent, which is still 


Table 5— Lung Function Data (Percentage Predicted) in the Subjects Studied (Mean±SE)* 



*PEFR*peak expiratory flow rate; MMF = mean maximum flow 


CHEST /100 / 2 / AUGUST; 1991 


Source: https://www.industrydocuments.ucsf.< 
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far less than that reported by Pandey* from Nepal, 
although it is similar to that reported from this country 
as well as from elsewhere. The discrepancy between 
the Nepal study and the present one is perhaps due 
to total absence of ventilation facilities in Nepal houses 
producing much more pollution than the Chandigarh 
villages. 

LPG or kerosene stove cooking, specifically the 
former, which is considered traditionally to be safe 
fuel, also produces a significant amount of respiratory 
symptoms. Dyspnea was one of the major complaints 
in these symptomatic' women. In the absence of 
cardiopulmonary disease, severe anemia, or obesity, 
this symptom is quite interesting It is possible that 
an average women mistakes fatigue as dyspnea. Ac¬ 
cording to Burney et al,“ high levels ofblood carboxy- 
hemoglobin (COHb) may also be responsible for 
dyspnea. Although we have not measured COHb in 
these women, in an earlier stud) we have - shown that 
high levels of COHb:are seen in subjects exposed to 
biomass fuel. :v Whether - this is enough to explaini 
dyspnea is not very clear 

Bronchial asthma, as mentioned: in some cases, is 
unlikely to be diie to cooking fuels. However, if such 
a patient is exposed t>>.domestic fuel producing smoke, 
the symptomwill be aggravated 

In an earlier stud)in B42 teachers from the city 
of Chandigarh turban population), we had observed 
bronchial asthma' in 3 2 percent of fenvaU* subjects 
and dyspnea - was reported in 4.9 percent, of non¬ 
smoking women: However. iir the present study, in 
rural female subjects tin* symptoms were observed in 
O.fi percent and! Si3 percent of subjects, respectively 
This low incidence of bronchial asthma may not reflect: 
the true prevalence since many patients with cough 
and dyspnea might he suffering from this condition] 
Evaluation of the adequacy of ventilation in production 
of the symptoms was difficult since quantification was 
not possible. However, we ltelieved that, although 
most of the houses had provision for ventilation in the 
kitchen, this was not adequate: Thus, exposure to 
domestic cooking fuels pr*>dneed a significant amount 
of respiratory morbidity I'se of smokeless devices and 
provision of adequate ventilation. might be helpful t<> 
prevent some of these effects. Moreover, smoking 
women exposed! to cooking fuels experience respira¬ 
tory symptoms more often than nonsmokers. 
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Domestic Pollution and Respiratory 
Illness in a Himalayan Village 
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j Norboo T (SNM Hospital, Leh, Ladakh, India), Yahya M, Bruce NG, Heady JA and Ball KP. Domestic pollution and res- 

. piratory illness in a Himalayan village, international Journal of Epidemiology, 1991; 20: 749-757. 

Summer, and winter surveys of a village in Ladakh have been used to study respiratory illhess and domestic pollution 
from fires in an arid high altitude region of northern India. The prevalence of chronic cough with chronic phlegm rose 
steeply with age, and was greatSr among women than men. The percentage of villagers with a forced expiratory voli 
I ume in one second/forced vital capacity {FEV/FVC} ratio of less than 65% also rose with age, to include 24% ofmen and 

j 32% of women over 50 years in the summer survey. Lung function was significantly worse in those reporting chronic 

cough, independently of age and sex (pcO.QOI >. Carbon monoxide (CO) measurements were used to assess domestic 
pollution from fires. Amongst the small minority of smokers (all men) CO in exhaled air was higher than in non¬ 
smoking men. In non+smoking men and the women, levels of exhaled CO were very significantly higherin winter than 
j in summer as were the levels of GO measured in the houses. There was a fall in FEV, (but not FVC) between summer 

j and winter (p<0,0001), and an association was found between individual change from summerto winter in exhaled air 

j CO and the individual change in FEV, (p<0:0l), A significant negative association wasfound between the winter value 

i of CO in exhaled air and FEV/FVG ratio in women (p<0.05), although a similar association in .men was non-significant, 

j No significant associations were found between winter pollution Itevels and the presence of chronic symptoms. During 

j winter, fires withoutchimneys gave higher levels of house pollution and individual CO in exhaled air than those with 

j chimneys (p<0.01). It is concluded that domestic pollution is aniimportant contributorto chronic respiratory illness in 

j this community, and that an intervention study is now required to establish the benefits to health of an .improved fire 

design; 


The village of Chuchot Shamma lies at an altitude of 
3000 metres (il 1 200 feet) beside the river Indus, and 1 ! 
about 15 km from Leh. the capital of Ladakh. This 
region lies in the rain shadow of the main Himalayan 
range and experiences a very low level of precipitation. 
Although its physical isolation has prevented rapid 
change, the recent expansion of tourism has provided 
some impetus for western style development, prin¬ 
cipally in and around Leh. Despite this contemporary 
influence, the culture of Ladakh which is historically 
closely linked to that of Tibet is generally well 
preserved. 


•Sonam Norboo Memorial Hospital. Leh, Ladakh, India. 

•*Leh Nutrition Project, Ladakh, India 

t Department of Public Health and Primary Care, Royal Free Hospital 
School of Medicine. London. 

^Department of Community Medicine. Central Middlesex Hospital, 
London: 

Reprint reqpests: Ladakh ; Dr T Norboo, Sonam Norboo Memorial 
Hospital: Leh: Ladakh, India 194101. 

United Kingdom; Dr N G Bruce. Department of Public Health and 
Primary Care, Royal Free Hospital School of Medicine .London NW3 
2PF. 


For some years, physicians working in the Sonam 
Norboo Memorial Hospital in Leh had been concerned: 
by the number of people from Chuchot with chronic 
lung disease suggestive of chronic bronchitis. Pollution 
from domestic fires was suspected of being a cause. 
Heating and cooking in the home is provided by fires 
burning wood and dried yak dung, and many of these 
fires either have no chimney, or at best emit a lot of 
smoke and fumes into the living accommodation. 
During winter, when outdoor temperatures can fall to 
-30°C, families spend long periods in poorly ven¬ 
tilated and heavily polluted rooms. A graphic histori¬ 
cal description of the situation is given in an account of 
the travels of William Moorcroft through this region in 
the 18th century. 1 

... He was appalled at the acrid smoke from the yak 
dung fires which filled every Ladakhi living room in 
winter and he often insisted that the fire be put out, or 
lay on the floor to clear his streaming eyes, before he 
could treat some of his sick patients. 

Evidence from other highland communities in 
Nepal 2 and Papua New Guinea, 3,4 have identified high 
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levels of domestic pollution and chronic lung disease 
which is thought to be chronic bronchitis. Although an 
association between time spent exposed to pollution 
and respiratory illness has been demonstrated in 
Nepal, 2 * 3 there is little other direct evidence of a causal 
link between biomass smoke and chronic lung disease. 
A survey of Chuchot was therefore carried out in order 
to investigate the prevalence of respiratory illness, and 
to study the relationship between the level of domestic 
pollution and the observed pattern of illness. 

METHODS 

Chuchot Shamma is one of three contiguous villages 
lying beside the Indus near Leh, and the economic 
activity, culture and the types of stove and fuel used are 
typical of the area. The first survey of the village was 
conducted during August 1987, and an attempt was 
made to contact all inhabitants aged 20 years and 
above using the electoral register. A total of 208 
women were examined, an overall response rate of 
74%, and of 76% or more in all age groups except the 
20-29-year-olds (65%). Some 156 men were exam¬ 
ined. an overall response rate of 53%. This varied 
more bv age; 80% in those 50 and older, but only 44% 
for ages 20-49 years. 

A second survey carried out during the following 
December (1987) and January (1988) sought to re¬ 
examine all subjects who had beerr successfully 
contacted during the previous summer. The re-exam* 
ination response rate was similar to the first study, 78% 
overall for women and 56% for men, with a simitar age 
pattern. The poor response for the younger men 
occurred because many left the village very early in the 
day to go to work in Leh, and this means that the effec¬ 
tive response for younger males examinedm both stud¬ 
ies is very low (about 20%). The sample was 61% 
Moslem (the majority Shia) and 39% Buddhist, which 
reflects the known religious constitution of the village 
population; About 40% of the men were government 
employees and also fanners, and most of the rest solely 
farmers. The majority of women described themselves 
as housewives, but they are also farmers. 

Summer Survey 

An interview was conducted by a local doctor (MY), 
with questions on occupation and religion, smoking, 
and the standard MRC questions on cough and 
phlegm. 6 The responses to the questions on cough 
were divided into ‘no cough’, ‘infrequent cough’ and 
‘chronic cough’. A subject had ‘chronic cough’ if either 
morning cough in winter, or daytime/night-time cough 
in winter (or both) were reported, and this pattern of 
coughing was reported on most days for as much as 


three months each year. A subject had ‘no cough: if all 
answers were negative, and ‘infrequent cough* if there 
was either morning cough in winter, or davtime/night- 
time cough in winter (or both) but which did not occur 
on most days for as much as three months each year. 
Analogous definitions were used for ‘no phlegm’, 
‘infrequent phlegm’ and ‘chronic phlegm’. Subjects 
were asked whether they smoked manufactured ciga¬ 
rettes, bidis (local Indian cigarettes), a hookahpipe, 
and whether they used snuff or chewing tobacco. The 
interview was followed by measurement of forced 
expiratory volume in one second (FEVJ and forced 
vital capacity (FVC) made with a Micromedical Pocket 
turbine spirometer, an instrument which has been vali¬ 
dated elsewhere 7 and used previously in epidemiolog¬ 
ical fieldwork. 8 The measurements were made in the 
houses, and the highest of three readings was taken for 
analysis. 

Carbon monoxide (CO) levels were used as a 
measure of pollution caused by domestic fires, and for 
validation of reported smoking habits. Two types of 
measurement were made. First, CO in the exhaled air 
of each subject was recorded with a Bedfont EC50 ana¬ 
lyser. This was calibrated to zero prior to each test, and 
all measurements were made in a room away from lit 
fires. Second, measurements of ambient kitchen CO 
levels were made with the same instrument in a 
number of houses at three locations; over the fire 
(‘fire’), in the middle of the kitchen at floor level 
(‘floor ), and in the same place but at chest height' 
(‘middle*). 

Winter Surx ey 

This consisted of an interview also carried out by MY 
which covered current smoking habits, and deter¬ 
mined whether any fires were alight in the house, and 
whether or not these had a chimney pipe. Measure¬ 
ments of FEV, and FVC were then made using a 
Micromedical Micro turbine spirometer (the original 
summer instrument was not available), but using the 
same protocol. Spirometry was carried out in the 
houses, where the mean temperature was 11 9°C 
(SE0.17). This compares to 23.5°C (SE 0.19) for the 
houses in summer. Although there was a difference of 
11.6°C in room temperature, since the turbine of the 
spirometer is mounted in a closed tube which is held 
against the mouth, there is unlikely to be any impor¬ 
tant difference between the summer and winter sur¬ 
veys in the temperature of air reaching the turbine. 
Carbon monoxide in exhaled air was measured with 
the same Bedfont instrument, with subjects outdoors, 
of if indoors, away from a room with (or near) a lit 
stove. This was done to avoid air from the heavily pol- 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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luted rooms being inhaled, and then breathed out into 
the CO analyser. Ambient CO levels were also 
measured at the same three locations in the kitchens. 
Questions about cough and phlegm were not' asked 
again in the winter survey. 

Smoking 

In the summer survey, 35 (22.7%) of the men, and 
none of the women reported smoking cigarettes. Of 
the 35 male smokers, only 7 (20%) were aged 40 years 
or over, and this means that 42% of those under 40 
were smoking cigarettes. The use of other forms of 
smoking material and tobacco was minimal! Seventeen 
of the men examined in both the summer and winter 
surveys were classified as smoking cigarettes, and one 
was aged 40 years or over. For analyses involving CO 
in exhaled air as a measure of pollution, smokers have 
been presented separately or excludedi All other 
analyses have been carried out with and without the 
smoking mem but since the exclusion of smokers made 
little difference, the results are presented for all men. 

Statistical Methods 

Three aspects of respirator}' health care considered for 
the purposes of examining the associations with dom- 
estic pollution; (a) symptoms of chronic cough and of 
chronic phlegm; (b) lung function measured in winter, 
and (c) the individual change in FEV, between sum¬ 
mer and winter. The distributions of CO in exhaled air. 
and particularly in the houses, were quite markedly 
positively skewed. Accordingly, the p-values derived 
from comparisons of CO levels in the different groups 
in Tables 3 and 6 have been carried out on the log- 
transformed data. Untransformed means and standard 
errors are given in both Tables in order to facilitate 
comparison with levels of exposure to CO found in 
other studies. 

RESULTS 

The Prevalence of Chronic Cough and Phlegm 
Table 1 shows that the prevalence of both chronic 

Table l Prevalence by age of chronic cough and of chronic phlegm in 
Chuchot Shamma, Summer survey 


% with % with 


Age 

chronic cough 

chronic phlegm 

(years) 

Men 

Women 

Men 

Women 

20-24 

0 

26.3 

7,1 

13 1 

25-29 

0 

28.5 

13.4 

14.3 

30-39 

16.7 

27.0 

16.7 

18.7 

40-49 

22.2 

34.3 

11 5 

22.9 

50-59 

33.3 

66.7 

30.0 

62:5 

60+ 

67.7 

78.9 

48.4 

63:2 


cough and chronic phlegm rose quite steeply with age 
in the men and women examined in the summer sur¬ 
vey. The women reported a higher prevalence of 
chronic cough than men at all ages, while the sex differ¬ 
ence in chronic phlegm became prominent only after 
age 40. About one-quarter of the women aged under 
30 in this sample reported cough on most days for three 
months during the winter, while none of the men under 
30 did so (chi-square test« 8.06; df=l; pcCLQl). 
Overall, 63% of the men with chronic cough, and the 
same percentage of women with chronic cough, also 
had chronic phlegmL The prevalence of chronic cough 
with chronic phlegm by age is shown in Figure 1. The 
percentage o^both men and women with chronic 
cough who also reported chronic phlegm increased 
markedly with age; for men it rose from 0% at 20-29 to 
71% at 50 and over, while for women it rose from 39% 
at 20-29 to 87% at 50 and over. 

Lung Function (Summer) and Symptoms 
The overall mean FEV/FVC ratio was 76.0% in the 
men and 76.9% in females, and became progressively 
worse with increasing severity of cough (Table 2). 
Males aged 50 and over with chronic cough had a ratio 
of 66,8% compared to 76.6% for those in the same age 
group reporting no cough, while values for females 
were 67.8% and 76.2% respectively. The relationship 
between symptoms and lung function was examined by 


Percentage 



w omen —^ Men 

Ficutle 1 The prevalence of chronic cough with chronic phlegm (see 
text for definitions) by age among men and women in Chuchot (summer 
survey) 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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Table 2 Number of subjects examined in the summer survey, mean summer values of FEV r FVC ratio 1%) and standard errors for men and women 

by level of cough 


Age group 


Age group 


mean (S B.) 
n 

mean (S.E.) 


mean (S.E.) 


mean (S.E.) 


mean (S.E.) 


mean (S.E.) 
n 

mean (S.E.) 


mean (S E.) 


33 

82.3(1.4) 

22 

75.7 (2.3) 
17 

76.6(2.4), 

72 

78.9(1.1) 


58 

81.6(0.9) 

32 

77:0'(2.1) 
6 

76.2(4.5) 

96 

79 7(0.9) 


Level of cough 
Infrequent 

6 

82.8 (3.5) 

8 

76.4(4.5) 

9 

78 7(4.4) 

23 

79.0 (2.5) 


Level of cough 
Infrequent, 

8 

80.7(3.3) 

7 

74.8 (3.2) 

3 

70.6(2.1) 

18 

76 7,(2.2) 


3 

79.8(9.7) 

9 

73.1(4.8) 

29 

66.8 ( 2 . 2 ) 
41 

69.1 (2.0) 


26 

77.2(2.1) 

19 

74.9 (2.5) 
25 

67 8(2.1) 
70 

73.2 (1.3)' 


42 

82.2(1.3) 

39 

75.2(1.9) 

55 

71.8 0.6) 
136 

76.0 (0.9) 


92 

80.3 (0,9) 
58 

76.0(1.5) 

34 

69.5(1.8) 

184 

76.9 (0.7) 


multiple regression to take account of age and sex. 
FEV.TVC ratio was. independently of age and sex. 
significantly lower in the group reporting chronic 
cough relative to those with no cough (p<0.01), but 
only slightly lower (and non-significantlv) in those 
reporting infrequent cough. A similar pattern of 
deteriorating lung function with more severe symp¬ 
toms was seen for chronic and infrequent phlegm 
(p<0.05). 

The proportion of men and women with an FEV,/ 
FVC ratio of less than 65% rose quite steeply with age, 
to include 24% of men and 32% of women aged over 50 
years. 

Pollution in Summer and Winter 
Carbon monoxide levels in individual exhaled air were 
markedly higher in winter than in summer (Table 3a). 
The 17 men (examined in both surveys) who smoked 
cigarettes had CO levels in summer which were three 
times higher than non-smoking men, a highly signifi¬ 
cant difference. There was a smaller absolute increase 
in CO level between summer and winter among 
smokers as compared to non-smokers, but the higher 
level in smokers remained significantly above that for 
non-smokers in winter (p<0.05). The summer CO 
levels in women and non-smoking men were similar, 
but in winter were significantly higher in women 
(p<0.05). Ambient levels of CO at the three measure¬ 


ment sites within the houses are shown in Table'3(b). 
These levels were not surprisingly highest close to the 
fires, and also showed marked increases from summer 
to winter at all! three measurement locations. All 
p-vaiues quoted for CO level comparisons relating to 
Tables 3(a) and (b) are of the log-transformed data. 

Lung Function in Summer and Winter 
Among the subjects examined in both surveys, the 
mean FEV, fell between summer and winter bv 0.35 
litres in men (p<0.0001), and by 0.17 litres in women 
(pcO.0001). FVC in men fell by only 0.04 litres and 
rose by 0.03 litres in women, and the p-values for these 
differences were well above 0.1. 

Table 4 illustrates the summer and winter values of 
FEV/FVC ratio by level of cough for the men and 
women who were examined in both surveys, and the 
change that occurred as a percentage of the summer 
value. The mean summer FEV,/FVCratio for the sub¬ 
group of women who were seen in both surveys was 
76.1%, and this compares well with the value of 76.9% 
for the whole summer sample of women (Table 2). In 
contrast, the summer FEV,/FVC ratio for men exam¬ 
ined in both surveys was 71.9% , considerably lower 
than the summer value for men of 76.0% (Table 2), 
and this is probably the result of the poorer re-examin¬ 
ation rate among the younger males. 

The winter values of FEV,/FVC fell to 62.8% for 


Source: https://www.industrydocuments.ucsf.edu/docs/psyx0000 
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Table 3a Mean levels of carbon monoxide {CO}, and standard errors m exhaled ate of men (smokers, non-smokers and all men} and women, for 

those subjects with readings in both the summer and winter suneys 


Individual exhaled air 

Sex Smoking 

No. 

Summer 

Mean CO levels (ppm) 
Winter 

Difference 

p-vaJbe* 

Men 

Yes 

17 

16.5(3.0): 

20:4 (2.3) 

3,9 (3.2) 

NS 


No 

64 

5.5 (0.5) 

13.9(1.4) 

84(1.5) 

<0.0001 


Both 

81 

7.8 (0.9) 

15.3(1.2) 

7.5 (1.3) 

<0.001 

Women 

No 

157 

5.7 (03) 

17.3(0.8) 

11.5 (0.8) 

<0.00011 


| men and 69:8% for women (Table 4), and there was a 
j greater fall in the ratio for those reporting chronic 
li cough compared to those with no cough (p = 0.05). 
i The winter values of FEVj/FVC ratio for those $ub- 
| jects reporting chronic cough were 53.2% for men and 
! 65.5% for women. The fail in FEV/FVC ratio for 

j those reporting infrequent cough was only very slightly 
j greater than those with no cough. There was some evi- 
». denee of a similar interaction between the summer to 

j winter change in FEV l /FVC ratio and the level of the 

) symptom for phlegm, but this was weaker than for 
| cough and did not reach significance at the 0.05 level. 

; Pollution and Respiratory Health 

Symptoms, Logistic regression models with (i) pres- 
j ence or absence of chronic cough'and (ii) presence or 
absence of chronic phlegm as outcomes were used to 
examine the relationships between these two chronic 
symptoms and individual exhaled; air and room CO 
levels as recordedin winter. The models were adjusted 
for age. and for men restricted to non-smokers. None 
of the associations between any of the measures of CO 
and; either chronic cough or chronic phlegm 
approached statistical significance. 

Lung function. The relationships between winter lung 
function and winter CO levels were examined using 
linear regression, adjusted for age and height, and for 
men restricted to non-smokers. The associations 
between the FEV,/FVC ratio and the level of individ¬ 
ual exhaled air CO were negative for both men and 
women; the regression coefficient for women, which 

Table 3b Mean summer and winter levels of carbon monoxide (CO) 
(and standard errors} at three measurement sites in the houses 

House measurements 


Location 

N0j 

of houses 

Mean CO levels (ppm) 
Summer Winter Difference 

p-value* 

Fire 

73 

24.5(5 0) 64.9(8.8) 40.4(10.2) 

<0.001 

Floor 

69 

10.5(1.2) 18.4(2.4) 7.9 (2.5) 

<0.01 

Middle 

68 

14 9 (1.8) 26.2 (3 4) H.3 (3.5) 

<0.01 


•The distributions of GO in exhaled air, and particularly in the houses, 
are positively skewed. P-valUes in Tables 3a and 3b, and those relating 
to Table 6, a it therefore derived from log’transformed data. The 
standard errors shown are of the untransformed values. 


indicated a 0:19% fall in FEV,/FVC ratio for a 1 ppm 
increase in exhaled air CO concentration, was signifi¬ 
cant (p<0.05). The male regression coefficient of 
-0.17% per 1 ppm increase in CO was not significant. 
The associations berween FEV,/FVC ratio and the 
house measures of CO were also negative, but very 
weak. FEV, and FVC were both negatively (but non- 
significantly) associated with individual exhaled air 
and house CO levels in men. In women, with the 
exception of a non-significant negative coefficient for 
FEVj on individual CO, the associations between pol¬ 
lution levels and FEV, and FVC were positive but very 
weak. 

Individual summer io winter change in pollution and 
FEV). Smoking men were excluded from this analysis. 
A significant (p<0.Ql) positive association was found 
between the change in the level of exhaled air CO from 
summer to winter in each subject and the individual 
change in FEV. (Table 5). Although the magnitude of 
the fall in FEVj was greater among the men than 
women (pcO.OOl). the proportionate drop in FEVj 
across ihe range of increase in pollution was greater in 
the women (Table 5). 

Table 4 Number of subjects, FEV/FVC rano %, (and standard 
errors / , in summer and winter for men and women who were examined 
in both surveys, by level of cough. The fall in FEV / FVC rano berween 
summer and winter, expressed as a percentage of the summer value . is 
also shown 





FEVj/FVC ratio 


Level of cough 

Group 

No. 

Summer 

Winter 

% fall 

None 

Men 

31 

75,1 (1.8) 

67.7 (1.7) 

9.9 


Women 

56 

78.5 (1.2) 

73.1 (1.0) 

6.9 


All 

87 

77.3 (L0> 

71.1 (0.9) 

7.2 

Infrequent 

Men 

12 

77.1(4.1) 

66.3(3.4) 

14 0 


Women 

12 

76.9 (2.8) 

71.4(2.7) 

7.2 


All 

24 

77,0(2.5) 70.3(2.2) 

87 

Chronic 

Men 

24 

65.2 (2.6) 

53.2 (2.9), 

18.4 


Women 

48 

73.1(1.8) 

65.5(1.5) 

10.4 


AH 

72 

70.5(1.5) 

61.4(1.4) 

12.9 

Total 

Men 

67 

71.9 (V. 4) 

62.8(1.4) 

12:7 


Women 

116 

76.1 (1.0) 

69.8 (0,8) 

8.3 


All 

183 

74 6 (0.8) 

672(0.7) 

99 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx 
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Table 5 The association between (he decrease in FEV t (litres) between summer and winter in women and non-smoking men examined in both 
surveys, and the change in the level of carbon monoxide (CO) in exhaled air (ppm) between summer and winter 


If:;, Decrease in FEV, (in litres) according to the level of change in exhaltd CO (in ppm) between summer and winter 

<5 ppm change 

5-10 ppm change 

>10 ppm change 

, 1 ■ 

Mean fall in 

Mean fall in 

Mean fall in 

1 j’: No, FEV, (S.E.) 

No. FEV, (S.E.) 

No. FEV, (S.E) 


: 

Men 

IH 

Women 


26 

0.31 

(0.05) 

16 


35 

0.08 

(0.06) 

28 


61 

0.18 

(0.04) 

44 

022 


1 (0.06) 

21 

0.42 

(005) 

> (0.04) 

48 

0.23 

(0.051 

t (0.03) 

69 

0.29 

(0-04) 


The Use of Chimneys and the Level of Pollution 
A record was made during the winter survey of 
whether the fire (or fires) in each house were alight, 
and if so whether a chimney was being used (Table 6); 
The use of fires exclusively without a chimney (col¬ 
umn o) was associated with higher levels of individual 
exhaled air CO when compared to houses using fires 
with a chimney (column b) (p<0.01), although there 
was a only a small difference when fires with chimneys 
were compared with no fire alight (column a). A 
similar pattern was seen for the house measurements 
of CO. where values for houses having fires alight 
exclusively without chimneys (column c) were higher 
at all three Ideations (p<0.01) in comparison with 
houses using fires exclusively with a chimney (column 
b). Even so. the levels of ambient CO found in houses 
using fires exclusively with a chimney (column b) were 
still considerably higher than w'here no fire was alight 
at the time of the survey (column b), particularly for 
measurements made close to the fire (p<0.01)iand in 
the middle of the room (p<0,05). All p-values quoted 
for CO level comparisons relating to Table 6 are for the 
log-transformed data. 

The highest CO levels were found in houses where 
fires both with and without a chimney were in use at the 
time of the survey (column d), presumably because a 
larger number of fires were alight in each house. These 
houses showed significantly higher values of CO than 
those where exclusivelv fires without chimnevs were 


alight (column c), but only for measurements of indi¬ 
vidual exhaled air (p<0.05), and of the air in the 
middle of the room (p<0.05). 

DISCUSSION 

This study set out to investigate clinical impressions 
that the villagers of Chuchot experienced a consider* 
able burden of chronic respiratory disease, and this 
appears to have been confirmed. The prevalence of 
chronic cough and phlegm was greater in women than 
men. and rose steeply with age. These chronic symp¬ 
toms were both associated with reduced FEV,/FVC 
ratios which is suggestive of obstructive disease. When 
measured in summer, about one-quarter of men. and 
one-third of women over 50 years had evidence of 
obstructive disease defined as an FEV,/FVC ratio of 
less than 65% 9 The excess of chronic cough in women 
as compared to men was particularly notable at age 
20-29, which is similar to the findings for chronic bron¬ 
chitis in Nepal. 10 However, the excess of chronic cough 
and chronic phlegm among Chuchot women comparedi 
to men was seen at all ages (Table 1 and Figure 1). so 
the findings on the younger subjects are unlikely to 
have arisen simply from bias due to the higher female 
response rate in this group. 

This pattern of respiratory illness has a number of 
features in common with the Chronic Obstructive 
Lung Disease (COLD) described in Nepal 10 and in 
Papua New Guinea. 4 These include the relative pre- 


Table6 Mean individual expired air and ambient room levels of carbon monoxide CO (ppm) during the winter survey in houses with no fire alight, 
and in houses with fires alight with chimneys, without chimneys, and where more than one fire war alight and at least one had no chimney 


Carbon 

monoxide 


No fire alight 
No. mean (5.E.) 


Characteristic of fire (or fires) alight during winter survey 
<b); (c) 

Fire(s) only, Fire(s) only 

with chimney without chimney 

No. mean (S.E.) No. mean (S.E) 


(d) 

Fires with and 
without chimney 
No. mean (S.E.) 


Exhaled air 

17 

11.4 

(2:0) 

78 

12.5 

(09) 

54 

16.7 

0-7) 

103 

20.1 

(10) 

House: 

Fire 

12 

6.9 

(1.5) 

42 

47.7 

(11.0) 

28 

102 7 

(36.9) 

51 

113.8 

(117) 

Floor 

13 

5.0 

(12) 

42 

12.4 

(2-5) 

28 

260 

(50) 

51 

26.1 

(21) 

Middle 

13 

5.6 

(13) 

42 

17.9 

(3-7) 

28 

35.3 

(66) 

51 

39.6 

(3 1) 



Source: https://www.industrydocunnents.ucs1 "xJu/docs/zsyxOOOO 
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dominance of women being affected in comparison to 
Western populations, the chronic productive cough, 
and obstructive lung function. The respiratory disease 
in Chuchot was not particularly associated with smok- 
! ing, indeed none of the women smoked. The indepen¬ 
dence of chronic respiratory disease from smoking is in 
agreement with the findings from Papua New 
Guinea. 31 ’ 

Other studies from Papua New Guinea 12 have found 
a similar high prevalence of chronic bronchitis with an 
equal sex distribution, but with some different fea¬ 
tures. There was evidence of a late onset of dyspnoea, 
relatively well preserved expiratory flows and severe 
ventilation-perfusion inequality. These findings, to¬ 
gether with autopsy evidence suggested that fibrosis 
1 was important, probably the result-of repeated respir¬ 
atory infections. However, clinical examinations, 
j more detailed lung function, and chest x-rays were not 

i carried out in the Chuchot study, so it is not possible to 

j 1 comment further on the nature of the lung disease in 

j Chuchot compared to the various populations studied 

| in Papua New Guinea. Nevertheless, the symptoms 

; " and obstructive lung function do suggest a picture of 
j; COLD similar to that described by Anderson/ 

The sex distribution of lung disease in Chuchot. and 
the independence from smoking, raised the strong 
possibility that domestic pollution was the cause. 
Although; suspected and investigated in a number of 
ucveiopiDs, countries, tne jii'cct'oi O' 

causal (association comes from studies in Nepal, where 
. the duration of exposure to smoke in the home 
(assessed bv time spent near the stove) has been shown 
to be associated with symptoms of chronic bronchitis 2 
and withilower lung function. 5 

The measure of pollution used in the present study is 
CO: Fires burning biomass fuel (wood, dung, agri¬ 
cultural residues) produce a range of pollutants includ¬ 
ing CO; nitrogen dioxide, suspended particulates, 
hydrocarbons and aldehydes. 1314 The most important 
irritants of the lower respiratory tract are nitrogen 
dioxide and-particulates. 14 Although these two prod¬ 
ucts were not measured directly in Chuchot, the levels 
of CO detected in the houses in winter are consistent 
with high levels of nitrogen dioxide and particulates 
being present. 15 The CO levels have been shown to 
correlate highly with smoke density (r = 0.84) in pol¬ 
lution from wood fires in Papua New Guinea, 16 and 
dung produces essentially similar combustion products 
to wood including suspended particles of respirable 
size. 15 Acute exposure to smoke from biomass fuel has 
been shown to cause elevated carboxyhaemogiobin 
levels when using traditional stoves in India. 17 

The marked increase in CO levels observed during 


the winter in Chuchot is consistent with the expected 
pattern of change in pollution. Over the same period 
there was a highly significant fall in FEV P but not in 
FVCs which suggests that pollution could be having a 
relatively acute obstructive effect on the lungs. The 
fact that the fall in FEV r was greater in those with 
chronic symptoms makes in unlikely that the effect was 
artefactuali The level of winter pollution showed no 
significant association with symptoms, although there 
was some evidence of an association with the winter 
FEVj/FVC ratio, particularly for women. The marked 
variability of CO levels in the home 1618 would weaken 
these associations, although the exhaled CO values are 
less variable than the house measurements and would 
thus be expected to yield stronger results. However, 
the finding of an association between individual change 
in CO and individual change in FEV, between summer 
and winter does provide stronger evidence of a causal 1 
role for pollution. 

It cannot be demonstrated here that the winter fall in 
FEV, is reversible, since this would have required a 
third (summer) study. Furthermore, although the find¬ 
ings in Chuchot suggest that pollution may cause a fall 
in FEV,, over six months, this does not necessarily 
mean that it can lead to chronic obstructive disease. 
The greater fail in FEV, among those with chronic 
symptoms is suggestive of this, but it could also be that 
those who alfeady have disease are more susceptible to 
th,' irr:;ant effects of pollution. Ho** ever, there is evi¬ 
dence from rats that exposure to cow dung smoke can 
lead to chronic bronchitis, bronchiolitis, and focal col¬ 
lapse with emphysema. 19 In humans, Pandev found 
evidence of lower FEV, and FVC as duration of expo¬ 
sure to biomass smoke increased, but this was based on 
a cross-sectional rather than a longitudinal design. 5 

The mechanism by which biomass smoke could 
cause COLD is not certain. Nitrogen dioxide and par¬ 
ticulates can penetrate the lower respiratory tract and 
lead to irritation, ciliastasis and mucosal damage. 13,14 
Acute exposure to particulates may cause a reduction« 
in lung function which can persist for two to three 
weeks. 14 The risk of infection may also be increased, 
and this could lead to COLD as suggested by Wool- 
cock. 12 It is also strongly suspected that domestic pol¬ 
lution is a cause of acute respiratory infections among 
children in developing countries. 20 

Other possible causes of COLD in highland commu¬ 
nities have been discussed, including tuberculosis, 
asthma, and mould sensitivity. 3 Although there is no 
firm evidence, clinical impressions suggest that tuber¬ 
culosis is not particularly common in Chuchot. This is 
consistent with observations from other highland"com¬ 
munities such as Papua New Guinea, 3 and in Nepal 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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where a tuberculosis prevalence of 1.3% was found 
among subjects with symptoms of chronic bronchitis. 10 
To our knowledge, airways reversibility and mould 
sensitivities have not been studied in Ladakh, but asth¬ 
ma is reported by clinicians to be very rare and the dry 
climate might be expected to restrict fungal growth. 
There was no evidence from this study that cigarette 
smoking has yet become a major contributor to chronic 
respiratory illness in Chuchot, but this is likely to be 
due to the fact that smoking is almost entirely restric¬ 
ted to men under 40 years. A preliminary study of Chu¬ 
chot and the nearby village of Stok has shown a high 
prevalence of silicosis in older people, and while more 
detailed investigation is required, it is possible that 
exposure to dust is another cause of respiratory illness. 

The winter levels of pollution in the houses were, as 
expected, higher where no chimney was in use. The 
CO levels close to the fires in these houses (where 
women sit for long periods) were about twice the 
recommended time-weighted eight-hour level of 
50 ppm. :i but only slightly below this level (47,7 ppm) 
in houses where a chimney was in use. However, it is 
the nitrogen dioxide and paniculate pollution associ¬ 
ated with these levels of CO that is of greater 
importance. 

We have observed' that many chimneys leak, and 
that the embers are often raked onto an open hearth to 
increase space heating. There is clearly a need to 
improve the cooking and heating arrangements, 
although'effective chimneys are only one aspect of 
efficient fire design. 22 

CONCLUSIONS 

It seems likely that domestic fire pollution is an impor¬ 
tant factor in the high prevalence of chronic lung 
disease in Chuchot. and this appears to be of particular 
imponance for women. Further work is required to 
clarify whether the winter fall in FEV, is recovered in 
the following summer, and whether this relatively 
acute impairment leads on to chronic obstructive 
disease in the longer term. The importance of tubercu¬ 
losis, other infections, airways reversibility and dust 
pneumoconiosis in this community also needs to be 
examined further. Although the demonstration of a 
direct association between pollution and lung function 
in the Chuchot study adds to the evidence for a causal 
link between domestic pollution and chronic lung 
disease, it remains a difficult case to prove. We agree 
with the suggestion of others that intervention studies 
are now required. 30 * 23 In the meantime, it is important 
to prevent cigarette smoking becoming more prevalent 
among men and being adopted by women, as this is 
likely to cause a further deterioration in the respiratory 
health of this community. 
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ABSTRACT. We conducted a study in three representative areas of Beijing to determine res¬ 
piratory health effects of indoor and outdoor air pollution. In August 1986, we measured 
the lung function of 1 440 adults who were 40-69 y of age and who had never smoked. 
Forced vital capacity (FVO and forced expiratory volume in 1 s <FEV 10 ) were adjusted for 
height, sex, and age. Outdoor ambient air pollution measurements from the World Health 
Organization Global Air Pollution Monitoring Station were very different in the three study 
areas; the annual mean concentrations of sulfur dioxide (S0 2 ) in residential, suburban, 
and industrial areas were 128, 18, and 57 pg/m 3 , respectively, and annual mean concentra¬ 
tions of total suspended particulate matter (TSPM) were 389, 261, and 449 pg/m J , respec¬ 
tively. Coal was most frequently used for domestic beating in the residential (92%) and 
suburban (%%) areas compared with the industrial area (17%). Heating with coal was 
associated with a reduced FEV 10 (-91 ± 36 ml) and FVC (-84 ± 41 ml). Living in the 
residential area was associated with an additional reduction in FEV, 0 ( -69 ± 34 ml) and 
FVC (-257 ± 37 ml). After we adjusted for age, height, and sex, an inverse linear associ¬ 
ation was found between In outdoor S0 2 (or TSPM) concentration and FEV, 0 and FVC in 
subjects who had and had not used coal stove heating. Regression analysis results showed 
that a per-unit increase in In SC 2 (TSPM) concentration (pg/m 3 ) could result in a 35.6 
(131.4) ml reduction in FEV,» and a 142.2 (478.7) ml reduction in FVC. Not only was coal 
heating an important risk factor for pulmonary function, but it was a major confounding 
factor in the analysis of outdoor air pollution effects. 


RESPIRATORY DISEASES are the second leading 
cause of death in the overall population in China. 1 The 
magnitude of the problem of respiratory diseases is also 
well represented by a dozen massive surveys of the 
prevalence of respiratory diseases. 2 In early 1970, 
2 680 957 residents in Shanghai were surveyed for 
bronchitis. The prevalence rate of chronic bronchitis 
was 3.00/o for. all subjects and 12.3% for those who 


were at least 50 y of age. During the 1970s, a total sanrv 
pie of 2 507 971 residents who were more than 14 y of 
age were selected in 13 other communities of China. 
Information on history of chronic bronchitis, em¬ 
physema, and chronic cor pulmonale was obtained by 
special teams appointed by the Ministry of Public 
Health. The median prevalence rates for chronic bron¬ 
chitis, emphysema, and : chronic cor pulmonale were 
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5.6, 1.3, and 0.4%, respectively (highest rates were 
13.8, 3.2, and 1.1%, respectively). 

Air pollution is thought to be one of the most impor¬ 
tant risk factors of respiratory diseases. 1 However, to 
what degree mortality and/or morbidity is attributable 
to air pollution remains to be estimated: Rapid ur¬ 
banization and industrialization has contributed to the 
increasing problem of air pollution in China, Data 
gathered from air monitoring stations suggest that con¬ 
centrations of total suspended particulate matter 
(TSPM) and sulfur dioxide (S0 2 ) are high nationwide 
throughout the year. Higher levels of air pollutants 
have been found in northern cities compared with 
southern cities, and levels are higher during winter 
than summer. 5 4 The daily mean concentration of TSPM 
in 60 cities in China was as high as 660 Mg/m\ 5 Indoor 
air pollution caused by coal combustion during cook¬ 
ing and heating, and smoking in crowded households, 
should not be overlooked as sources of air pollution: 

This study investigated the effects of major environ¬ 
mental risk factors on respiratory health in adults in 
residential, industrial, and suburban (control) areas in 
Beijing, China. We focused on the relationship be¬ 
tween air pollution and pulmonary function among 
adults who had never smoked. This group of adults was 
selected because subjects who do not smoke may be 
more sensitive to airborne contaminants. 6 Also, active 
smoking would not have been a confounding factor. 
We initially developed'a prediction equation that de¬ 
scribed the relationship between pulmonary function 
and several! demographic and body size variables, 
which may have served as important confounders. The 
model: was then expanded to estimate the effects of 
outdoor air pollution and indoor coal combustion. The 
impact of cigarette smoking on pulmonary function 
and its interaction with age, sex, and air pollution will 
be investigated in subsequent reports. 

Methods 

Sites selected. Three areas—industrial, residential, 
and suburban, (control)—in Beijing were selected for 
five reasons: (1) outdoor air pollution monitoring data 
for these areas have been available since 1981; (2) the 
resident population was fairly stable; (3) the population 
was sufficient to ensure that sample sizes of at least 
3 600 adults would be available; (4) the population did 
not include a targe number of subjects who had been 
occupationally exposed to asbestos or silica, etc., thus 
eliminating important confounders; and (5) the ethnic 
mix was not too heterogeneous. 

Study population. All subjects in the three study 
areas were selected from 1982 National Census Rec¬ 
ords. A two-stage random sampling technique was em¬ 
ployed. The first stage sample unit was the admin¬ 
istrative unit, i.e., JUWEIHUEI or village; at the second 
stage, it was the subject. Equal numbers of males and 
females were drawn from each area. Subjects were ex¬ 
cluded if they (a) were outside the chosen age range 
(40 to 69 y of age), (b) were dead, (c) had moved, or (d) 
were a non-resident or had resided in the three study 
areas less than 5 y or less than 6 mo/y. Age criteria was 


based on two assumptions: (1) there is a significant in¬ 
crease in the prevalence of chronic obstructive pul¬ 
monary disease in individuals who are 40+ y of age, 
and (2) it is difficult to obtain a satisfactory pulmonary 
function test for individuals aged 70+ y. The criteria 
outlined above accords with available air monitoring 
data. 

Assessment of health effects. A cross-sectional sur¬ 
vey was conducted in August 1986. A trained inter¬ 
viewer, who used a modified standardized question¬ 
naire, 7 determined history of chest illnesses, respiratory 
symptoms, cigarette smoking, occupational exposure, 
residential history, education level, and type of fuel 
used for cooking and heating. Pulmonary function 
measurements were completed in accordance with the 
guidelines of the American Thoracic Society. 8 Subjects 
performed vital capacity (VC) and forced vital capacity 
(FVC) tests on the electric auto spirometer (AS-300, 
japan) while in the standing position and with a nose 
clip. Tests occurred either at the central station or at 
the subjects' homes. A minimum of three acceptable 
measurements were performed. The maximum of three 
measurements was used because it was more repro¬ 
ducible than the mean, 9 and the "best test" was the 
simplest and most practical result to record. 10 FVC and 
FEV, 0 values were expressed as ATPS because all! pul¬ 
monary function measurements were made during Au¬ 
gust and September—times during which indoor tem¬ 
perature was relatively constant. 

Air monitoring. The outdoor TSPM and S0 2 (1981- 
1985) pollution data were obtained from World Health 
Organization Global Air Monitoring Stations, which 
were located in the three study areas. Gravimetric and 
calorimetric pararosaniline methods were used to de¬ 
termine TSPM and S0 2 , respectively. 11 

Indoor air pollution. Because indoor coal combus¬ 
tion is the major source of indoor air pollution, and 
because there was no indoor air monitoring data 
available in Beijing in 1986, the presence of coal stove 
heating was used as a proxy for indoor air pollution in 
this report. Passive exposures to active cigarette smok¬ 
ing at home or at the office were also accounted for. 

Procedure. In each area, three survey teams includ¬ 
ed local interviewers and a core of permanent staff who 
moved from site to site. Each team was further divided 
into three groups: (1) an air monitoring group, (2) a 
questionnaire interview group, and (3) a pulmonary 
function measurement group. The interviewers trained 
for 2 wk, during which time they studied the question¬ 
naire and reviewed criteria for adequate testing of 
pulmonary function. Each subject who was selected 
received a letter that described and explained the pur¬ 
pose of the study. Local officials and health centers ar¬ 
ranged for the subjects to participate in the study at the 
center station at a convenient time. Home visits were 
made for those who could not come to the center sta¬ 
tion. Questionnaire responses were reviewed by each 
group leader for completeness and consistency. Omit¬ 
ted or ambiguous items were addressed during a re¬ 
visit. 
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Statistical methods. Docker/ et al. ,J indicated that 
when FEV, 0 and FVC measurements were standardized 
for height (HT), by dividing by HP, the decline of lung 
function with: age among never-smokers was described 
by a simple linear function of age. After repeating the 
same exploratory procedure with our own data, we 
found that this method of standardization also elim¬ 
inated the relationship between height and FEV, 0 or 
FVC in our sample. The same method of standardiza¬ 
tion for height adjustment was used in the data anal¬ 
ysis. The results were made more interpretable by ad¬ 
justing FEV,VHP and FVGHP values to the sex- 
specific mean height squared, i.e, FEV, VHP and 
FVC/HP were multiplied by (1.67 m)’ for men and 
(1.56 m) 1 for women. 

Several other stages of analysis were performed so 
that predictive models for pulmonary function could be 
derived. Bivariate plots of height-adjusted FEV, 0 and 
FVC against age (in 5-y intervals) were constructed by 
sex. This was done to determine the functional form of 
pulmonary function with age, sex, and the interaction 
between sex and age. Several models were then fitted 
by multiple linear regression: The choice of final pre¬ 
dictive models were based on parsimonious param¬ 
eters, analysis of residuals, and comparison of R 1 . 

Multipit linear regression techniques were used to 
estimate the impact'of air pollution on pulmonary func¬ 
tion. Age. sex., education level, and passive smoking 
were covariates to be controlled in the analysis of air 
pollution' and coal stove heating effects. The constant 
term was easier to interpret because age was centered 
at 55 y in all regression models. 

The residual analysis suggested that the variance of 
the regression model residuals was inconsistent for sev¬ 
eral covariates. Therefore, ordinary least squares re¬ 


gression provided unbiased estimates of the regression 
coefficients, but it did not provide valid estimates of 
their standard errors. When the variance consistency 
test showed significance differences, robust estimates 
of the variances of the OLS estimates were calculated 
using methods described elsewhere.' 5 

Results 

Sample characteristics. The expected sample was 
1 200 persons in each area. However, a total 3 746 sub¬ 
jects were selected and invited to participate, and 
3 590 (95.8% of the sample drawn) responded. Those 
who did not respond included persons who were out 
of town during the study period or who could not be 
contacted after three subsequent home visits and those 
who refused to participate. At the initial examination, 
1 572 (43.8%) reported that they had never smoked. 
Demographic characteristics, passive smoking status, 
and type of heating used at the home of never-smokers 
who were in the study are shown in Table 1. The 
population in the industrial area tended to be younger 
than in the other two areas. There were obvious 
disparities in education level, i.e., males were much 
more educated than females; persons in industrial! and 
residential areas more educated than those in the 
suburban area. A significant difference in type of 
heating was found between the industrial area and the 
other two areas. Central heating was used in at least 
80% of the households surveyed in the industrial area, 
whereas more than 90% of households surveyed in the 
residential and suburban areas used coal stoves for 
heating. There were substantial differences in passive 
smoking status (i.e., males were much more exposed 
than females), and exposures occurred most frequently 


i Table 1.—Characteristics of Never-Smokers under Study by Sex, Age, Education Level, Indoor Coal 
: Combustion, and Occupational Exposure 


Men Women 


Res. Sub. Ind. Res. Sub. !nd. 



n 

% 

n 

% 

r> 

% 

n 

% 

n 

%> 

n 

% 

Age (y) 

40-44 

18 

14.0 

16 

16.0 

14 

10.5 

65 

17.5 

114 

35.3 

83 

21.6 

45-49 

25 

19.4 

20 

20.0 

30 

22.6 

72 

19.4 

67 

20.7 

in 

28.9 

50-54 

36 

27.9 

16 

16.0 

46 

34.6 

83 

224 

34 

10.5 

85 

22.1 

55-59 

16 

12.4 

18 

1B.0 

20 

15.0 

65 

17.5 

47 

14.6 

63 

16.4 

60-64 

20 

15.5 

19 

19.0 

17 

12.8 

49 

13.2 

35 

10.9 

29 

7.6 

65-69 

14 

10.9 

111 

n.o 

6 

4.5 

37 

10.0 

26 

8.1 

13 

3.4 

Education j 

High school and above 

94 

72.9 

' 33 

33.0 

80 

60.2 

160 

43.1 

74 

22.9 

129 

33.6 

Below high school 

35 

27.1 

67 

67,0 

53 

39.8 

211 

56.9 

249 

77.1 

255 

66.4 

Heating 

Coal stove 

118 

91.5 

% 

96.0 

22 

16.5 

337 

90.8 

297 

92:0 

63 

16.4 

Central] etc. 

11 

8.5 

4 

4.0 

111 

83.5 

34 

9.2 

26 

8.0 

321 

83.6 

Passive smoking 

Yes 

72 

558 

29 

29.0 

95 

71-4 

167 

45,0 

87 

26 9 

205 

53.4 

No 

57 

44.2 

71 

71.0 

38 

286 

204 

55 jO 

236 

73:1 

179 

46 6 


Notes: Res - residential area. Sub - suburban area, and Ind - industrial area 
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in the industrial area compared with the suburban 
area, in which exposures were the least frequent. 

Air pollution level, China has promulgated its Am¬ 
bient Air Quality Standards (AAQS), which were revis¬ 
ed in 1982. 4 The 5-y (1981-1985) mean concentrations 
of TSPM and S0 2 in the three study areas are summariz¬ 
ed in Table 2. TSPM in all three areas was higher than 
WHO-recommended limits (Tablfe 2), and it was the 
highest' in the industrial area. The S0 2 concentration 
was the highest, and well above the AAQS- and WHO- 
recommended limits, in the residential area. As ex¬ 
pected, the suburban area had the lowest concentra¬ 
tions of both major pollutants. 

FEV, o and FVC relationships with age and sex. Sex- 
specific mean values of height-adjusted FEV 10 and P/C, 
by age group, are shown in Figures 1 and 2. The height- 
adjusted valbes of men were consistently larger than 
values of women. The average difference was 0.70 l for 
FEV, 0 and 0.87 liters for FVC, which was almost cons¬ 
tant over the 40- to 70-y age range. The decline in both 
height-adjusted FEV 10 and FVC as age increased ap¬ 
peared to be close to linear for both sex groups. 

These graphic analyses suggest that height-adjusted 
FEV, l0 and'FVC levels varied linearly with age, and that 
a difference existed between sexes that was independ¬ 
ent of age. When this model was fitted by ordinary least 
squares, the resulting equations were 

FEV, 0 - HP x [2.668 - 0.031 x {ACE - 55) - 0j737 
x SEX]/(1.67* for men or 1.56* for women) 

and 

FVC - HP x [3.365 - 0.035 x (ACE - 55) - 0.910 
x SEX]I/(1.67* for men or 1.56* for women). 

In these equations, FEV 10 and FVC are in liters, age is 
in y and is centered at 55 y, and sex is 0 for men and 1 
for women. The coefficient of determination (R*) for 
these prediction equations was 0.466 for FEV, 0 and 
0.508 for FVC. The standard error of the estimate (root 
mean squared error) was 0.474 I for FEV, 0 and 0.525 I 
for FVC. We also considered models that included the 
quadratic age term, but the quadratic age coefficient 
was not significant for either pulmonary function value. 

The height-adjusted FEV, 0 and FVC data were fitted, 
allowing different age coefficients for each sex. No 


significant differences between regression coefficients 
for men and women were found for either the FEV, 0 or 
FVC models 

Impact of air pollution and coal! stove heating. The 
predicted height-adjusted lung function values, FEV, 0 
and FVC, were calculated for each person in the sam¬ 
ple. These calculations were completed using a model 
that included sex and age, and FEV, 0 and FVC were 
subtracted from the observed height^adjusted valbes to 
produce pulmonary function residuals. The residual 
plots, by area, and the presence of coal stoves indicat¬ 
ed that reduced FEV, 0 and FVC were consistently asso¬ 
ciated with coal stove heating and with increased air 
pollution level (Figs. 3 and 4). The slope for FEV, 0l for 
subjects who did not report using coal stove heating 
was steeper than for subjects who reported using coal 
stove heating, which suggests that the unexposed sub¬ 
jects may have been more sensitive to airborne con¬ 
taminants. The effect of coal stove heating on pulmon¬ 
ary function in subjects located in the industrial area 
was less pronounced than in the other two areas, the 
major reason being that, since 1978, coal stove heating 
in many homes had been gradually replaced with cen¬ 
tral heating systems. The proportion of replacements 
was highest in the industrial area and lowest in the 
suburban area. The effects of coal heating in the three 
areas were inversely associated with the proportion of 
change in heating system. A stronger association was 
noted for FVC, which suggested that, after terminating 
exposure to coal stoves, FVC was less reversible than 
was FEV 110 , The differences in coal stove effects on both 
FEV, o and FVC among the three areas and the interac¬ 
tion between coal heating and ln(S0 2 ) were tested us¬ 
ing a multiple linear regression model. However, none 
of these were statistically significant, 

A multiple regression model of FEV, 0 and FVC meas¬ 
urements was used to develop a unified model for sex, 
age, and air pollution effects. The model included age, 
sex, educational level, passive smoking, indoor heat 
type, plus residential areas or their In S0 2 (or In TSPM) 
concentration as regression variables. 

As shown in Model 1, on average, a 69-ml and 62-mi 
decline in FEV, 0 and a 257-ml and 177-ml decline in 
FVC were found in the residential and industrial areas, 
respectively, compared with the suburban control area 


Table 2.—Annual Mean Concentration of TSPM and SO} in Residential, Industrial, and 
Suburban Areas, Beijing, 1961-1965 


Area_AAQS"_WHQt 



Res. 

Ind. 

Sub. 

1 

II 

III 

Annual 

Daily 

TSPM Oig/mf) 

389 

449 

261 

150 

300 

soot 

60-90 

150-230 

S0 2 <**g/m J ) 

128 

57 

18 

20 

60 

100§ 

40-60 

100-150 


Notes: Res • residential area, Ibd - industnal area, and Sub - suburban area. 
•Ambient Air Quality Standard in China. 4 
tWHO guidelines for exposure limits. 11 
♦Daily mean. 

§Annual mean. 
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HEIGHT ADJUSTED FEV I# ANO S.E. (Liters) 



AGE (yr) 


AGE (yr) 


Fig. 1, Comparison of predicted and observed height-adjusted 
FEV, 0 for participants who were never-smokers. The triangles 
<men)/circles (women) and error bars represent the mean ± stan¬ 
dard error of the observed FEV, 0 for subjects grouped by 5-y age 
interval. The dashed line connects the means of the predicted 
values from the predictive model: 


Fig. 2. Comparison of predicted and observed height-ad justed FVC 
for participants who were never-smokers. The triangles (men), 
circles (women)* and error bars represent the mean ± standard er¬ 
ror of the observed FVC for subjects grouped by 5-y age interval. 
The dashed line connects the means of the predicted values from 
the predictive model. 
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Fig. 3. Mean height-adjusted FEV, 0 residuals versus In sulfur diox¬ 
ide (SOj) concentration Oig/rn J ) in residential, industrial, and 
suburban areas, by presence of coal stove heating. 
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Fig. 4. Mean height-adjusted FVC residuals versus In sulfur dioxide 
(S0 2 ) concentration Uig'rn 3 } in residential, industrial, and suburban 
areas, by presence of coal stove heating 
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after adjusting for age, sex. educational level, passive 
smoking, and indoor heat type. This finding provided 
an. important explanation of why the residential area 
was associated with; the worst pulmonary function! 
Coal stove heating was found to be independently as¬ 
sociated with a 91-ml reduction in FEV, 0 and an 84-ml 
reduction in FVC. In Models 2 and 3, the In concentra¬ 
tion of SO : and!TSPM in each area replaced the dummy 
variables. A per In unit (Mg/m 3 ) SO, increase could re¬ 
sult in a 35.6-ml reduction for height-adjusted FEV, 0 
and a 131.4-ml reduction for FVC. The estimates of a per 
In unit (Jig/m 3 ) TSPM were 4.0 and 3.6 times larger than 
SO : for FEV, 0 and FVC, respectively (Table 3). Reduction 
in FVC was consistently much greater than in FEV 110 . 

Variance estimation. The standard errors in Table 3 
were estimated by the robust methods described previ¬ 
ously. Ordinary least squares estimates and robust 
methods gave identical estimates for regression coeffi¬ 
cients but provided different estimates of standard er¬ 
rors and! different values for test statistics. The dif¬ 
ferences between the robust and ordinary least squares 
estimates of standard errors were small in this d^ta set¬ 
ting. For example, in Model 1i, ordinary least squares 
regression gave standard errors of 40:2, 44.0 and 33.1 
for the parameters of coal stove heating, industrial area, 
and residential! area, respectively, which corresponded 
to 110%, 107%, and 98%, respectively,, of the standard 
errors obtained! by robust methods. 

Discussion 

China is a vast country with significant variations in 
geographic conditions, socioeconomic development, 


and industrialization across different regions. As a 
result, the type, level, and source of air pollution varies 
enormously from region to region. On the other hand, 
residential populations are quite stable. All these afford 
unequalled, wide-scoped natural experimental fields 
with which to study the health impacts of various types 
and levels of pollutants. 

In this study,, three representative areas in Beijing 
were selected. Beijing is the capital of the People's Re¬ 
public of China and has a population or more than 10 
million. It is also the political, economic, and cultural 
center of the country. Prior to the 1950s, Beijing was a 
nonindustrial city. Subsequent to that time, light and! 
heavy industry gradually emerged, e.g., steel plants, 
petroleum refineries, chemical plants, electric power 
plants, etc. There are three major sources ofi air pollu¬ 
tion in Beijing: (1) industrial emissions, (2) residential 
heating and cooking, and (3) natural sources, e.g., 
wind. Suspended particulate matter and sulfur dioxides 
are the two major pollbtants. Nitrogen oxides have not 
been considered to be a serious contributor to the em 
vironmentali problem. 

Beijing experiences four distinct seasons. Natural! soil 
dust wind comes from the far north in dry air, especial¬ 
ly in winter and spring. A general survey conducted in 
Beijing showed that natural dust contributed to 40% of 
the TSPM in winter and 60% in the summer. 14 Even 
though we specifically examined the association be¬ 
tween pulmonary function and outdoor TSPM pollu¬ 
tion, level in this study, a cautious interpretation should 
be made. Particle size and composition have been im¬ 
plicated as important determinants of particle toxicity. 


Table 3.—Multiple Regression Estimates (Standard Errors) for 1 440 Never-Smoking Adults (Age Centered 
at 55 y) 


Height-adjusted FEV, 

(mljr 

Height-adjusted FVC (ml)* 


Model 1 

Model 2 

Model 3 

Model 1 

Model 2 

Model 3 

Constant 

2 798.4 

2 885.0 

3 600.0 

3611.6 

3 971.7 

6 330.6 


(52.8)' 

(83:5) 

(418.7) 

(58.4) 

(91.1) 

(459.7) 

(ACE-55) (y); 

-30.4 

-30.3 

-30.6 

-32.6 

-32.5 

-33.9 


(1.9): 

0-8) 

<1.8)i 

(2.0) 

(2.0) 

(2.0) 

Sex (1 - female) 

-734.6 

-733.9 

-736,3 

-907.2 

-906.3 

-916.5 


(33.6) 

(33.6) 

(33.6) 

(37.4) 

(37.5) 

(37,6) 

Education level (1 - below high school) 

-21.6 

-23.0 

-17.1 

-34.5 

-36.2 

- 10 4 


(30.1) 

(30.0) 

(28.9) 

(33.3) 

(33.1) 

(32.1) 

Passive smoking (1 - yes) 

-24 4 

-25.4 

-25.0 

-31.9 

-33.1: 

-35.2 


(25.8) 

(25.7) 

(25.7) 

(28.3) 

(28.3) 

(28.4): 

Heating type (1 - coal stove) 

-90.9 

-75.2 

-108.0 

-836 

-64.5 

-174.4 


(36.4) 

(26,2): 

(30.3) 

(41.3) 

(28.5) 

(33.8) 

] Residential area (1 - yes) 

-69.2 



-257.1 




(33.9) 



(37.0) 



Industrial area (1 - yes) 

-61.5 



-176.5 




(41.1) 



(46.2) 



In S0 2 (#ig/m J ) 


-35.6 



-131.4 




(17.3) 



(18.8) 


In TSPM (Mg/m 1 ) 



-142.2 



-478.7 




(68,6) 



(75.4) 

RH 

0.471 

0.471 

0.471 

0.530 

0.530 

0.526 

•Height-adjusted FEV, 0 (ml) equals observed FEV, 0 divided by height squared times 11.67 m)* for men and: 

(1.56 m)* for women. 

tR 3 is squared correlation between predicted and observed FEV, 0 and FVC. 
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but TSPM itself did not reveal any distinction in terms of 
size and composition. The proportion and components 
of respirable particles varied greatly during different 
masons and' different areas. Sulfur dioxide emissions, 
however, resulted primarily from coal combustion. 
Coal was the dominant energy source in China for 
many years, and it contributed more than 70% of total 
energy production. 15 Currently, approximately 18 mil* 
lion tons ofi coal are burned each year. Nearly half of 
the coal consumed is burned in the cities, in small 
boilers and household stoves for heating and cooking. 
It is burned with low thermal efficiency, no desulfuriza¬ 
tion, inefficient dust collection; and low smokestacks. 
The seasonal variations in TSPM and S0 2 concentra¬ 
tions (Figs. 5 and 6) indicated that coal combustion for 
heating in households was an important source of air 
pollution in Beijing. Hbwever, in the past several dec¬ 
ades, the residential area was thought to be a good area 
to live and that only the industrial area experienced 
pollution. One of: the striking findings in this study was 
that SO : concentration in the residential area was 
worse than that in the industrial area. A significantly 
higher proportion (80%) of coal stoves for heating in 
tne residential area compared with the industrial! area 
(30%), and a higher population density in the residen¬ 
tial area, may-partially explain this finding. 

Coal stoves for heating were used as a proxy for in¬ 
door air pollution because no data were available on 
indoor pollution, and coal stoves were thought to be 
the major source of indoor air pollution. Another ad* 
vantage of this approach was that the information ob¬ 
tained was highly reliable (i.e., the interviewer was re- 
auested to check the central heating facility, if it was re¬ 
ported) and extremely economical because it' was col¬ 
lected simultaneously with other information in the 
questionnaire. Coal stove cooking, however, was not a 
good index for indoor air pollution exposure because 


(a)i from spring to autumn, doors and windows were 
kept open in most Beijing households, and the differ¬ 
ence in air pollution levels between indoor and out¬ 
door settings would be very small; and (b) m 58% or the 
households in our sample, the kitchen was separated 
from the bed/living room during winter (96% during 
summer). Therefore, even; in. the winter, during which 
time all doors and windows are closed, a person; in 
whose home a coal stove is used for cooking, may not 
be exposed to cooking coal combustion emissions if he 
or she does not enter the kitchen. However, during the 
cold seasons, the coal burning stove for heating was 
usually placed in the living/bed room where every 
member in the house was exposed to the air pollutants 
emitted from it. Therefore, in this report, the coal stove 
for heating was chosen to represent indoor air pollu¬ 
tion exposure. This approach, however, did not afford 
quantitative information. Also, since 1978, coal stove 
heating in many homes was gradually replaced with 
central heating systems. The proportion of replace¬ 
ments was not uniform, i.e., the greatest number of re¬ 
placements occurred in the industrial area, and the 
smallest number occurred in the suburban area* The 
differences in coal effects on FEV, 0 and FVC among res¬ 
idents of the three areas indirectly reflected this uneveni 
characteristic. Furthermore, the slope for FEV, 0 in sub¬ 
jects who did not report coal stove heating was steeper 
than: that in subjects who reported coal stove heating, 
which suggested that unexposed subjects were more 
sensitive to airborne contaminants. However, all of 
these differences were not statistically significant'. 

To our knowledge, this is the first community-based 
respiratory epidemiologic study in China that' has used 
a standardized method. To date, there has been no nor¬ 
mal model that describes the association of FEV, 0 and 
FVC with age, sex, and height. It is, therefore, impor¬ 
tant to develop a basic model for later studies of import 
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tant environmental risk factors in; the Chinese popula¬ 
tion. In 1846, Hutchinson! 6 described the relationship 
between mean vital capacity (VC) and height, weight, 
and age tromi measurements obtained from 1 775 
healthy men. Since that time, many models tor ’nor¬ 
mal" VC and : other measures of pulmonary function 
were presented. Most models for normal values assum¬ 
ed a simple linear relationship between pulmonary 
function measurements and height and age. Recently, 
Dockery et al.! 2 showed that nonlinear models were 
necessary to describe the transition from maximal- 
obtained lung function in early adult life to lower func¬ 
tion in. later life. We attempted to develop predicted 
models for FEV, 0 and! FVC measured in this sample of 
1 440 Chinese adults who were (a) 40 to 70 y of age, (b) 
residents of Beijing, and (c) never-smokers. Our study 
confirms that the height-standardized method devel¬ 
oped by Dockery et al. well described pulmonary func¬ 
tion in this Chinese population. This method had the 
added! advantage that, after standardizing by height 
squared, it was possible to describe the distribution of 
pulmonary function valbes by a two-dimensional dis¬ 
play of adjusted pulmonary function values versus age. 
Our graphic analyses suggest that height-adjusted FEV, 0 , 
and FVC levels varied linearly with age (from 40 to 70 
yK and that a difference between sexes, independent of 
age, existed; As a result, a linear modeli was fitted by 
least squares to the height-adjusted FEV I0 and FVC. We 
also considered models that included a quadratic age 
term, but the quadratic age coefficient was not signifi¬ 
cant in this age range. 

Differences between the sexes in the aging terms of 
the model were also not significant for both FEV 10 and 
FVC. This suggested that once aging began; decline in 
pulmonary function proceeded at the same rate in men 
as in. women, at least in these height-standardized 
units. Several! investigators have noted that the dif¬ 
ference in aging between sexes was related to the age 
at which decline began, and it would be necessary to 
have separate models for the periods before and after 
the age at which maximal lung function occurs.’ 718 Our 
data were limited to age 40 to 70 y; therefore, it would 
have been inappropriate to extrapolate predictions be¬ 
yond! the age range of this sample. Given that no pre¬ 
dictive model for, pulmonary function in the Chinese 
adult population has ever been available and that our 
study sample was selected randomly, this predictive 
model may also serve as a reference normal model for 
Beijing adult residents. 

A possible confounding effect of occupational ex¬ 
posure on the regression estimates was also investigat¬ 
ed. Information on occupational exposure, collected 
from modified ATS-DLD questionnaires, included a his¬ 
tory of exposure to dust and fumes or gases and specific 
type, duration; and intensity of exposures. When the 
occupational exposure variables were added to the re¬ 
gression model, the changes in the coefficients and 
standard errors were negligible. 

Two important findings surfaced from our regression 
analysis. (1) A per In unit (jig/m*) S0 2 increase could re¬ 
sult in a 35.6-ml reduction for height-adjusted FEV, 0 
and a 131.4-ml reduction for FVC. The estimates of a 


per In unit (ng/m J ) TSPM were 4.0 and ; 3.6 times larger 
than SO : for FEV, 0 and FVC, respectively. The estimat¬ 
ed effect should not be interpreted as a unique contri¬ 
bution from a single pollutant because SO, and TSPM 
are strongly correlated. (2) Use of a coal!stove for heat¬ 
ing was found to be independently associated with a 
91i-ml reduction in FEV, 0 and an 84-ml reduction in 
FVC. These findings suggested that both indoor and: 
outdoor pollutants had significant effects on pulmonary 
function in this population. However, the effects found 
in this study were cross-sectional and cumulative, and a 
longitudinal study is needed to quantify the association 
of these pollutants with decline of pulmonary function. 

There was a substantial difference in heating type 
between the industrial area and the other two areas 
(Table 1). Thus, use of coal stove heating was not only a 
risk factor for pulmonary function, but it was an impor¬ 
tant confounding factor to be controlled in the analysis 
of outdoor air pollution effects. For example, if Model 1 
in Table 3 did not include coal stove heating as a con¬ 
trolling variable, the estimated effects of the industrial 
area would have been 6.2 ml for height-adjusted FEV,, 0 
and -114.2 ml tor height-adjusted FVC. Therefore, this 
model would underestimate the outdoor air pollution 
effects by more than 60 mil 

As noted previously, the association of outdoor air 
pollutants with FVC was constantly much stronger than, 
with FEV 10 . There was great seasonable variation in air 
pollutant levels in the areas studied (Figs. 5 and 6), The 
mean concentration of S0 2 in the residential and indus¬ 
trial areas was as high as 392 and 178 yg/m J , respective¬ 
ly, during January, but it decreased to as low as 6 
during August in the same year. We tested pulmonary 
function during the period that the S0 2 level was the 
lowest. Therefore, the results we observed in our study 
reflected a longterm (i.e., chronic) effect. Fletcher et 
al. 9 studied a group of working men in London, 
prospectively over 10 y, and noted that there was a 
regular seasonal change in FEV 1]0 , i.e., higher, values 
obtained in the two summer surveys than in the winter 
surveys. Respirable particles could produce inflam¬ 
matory changes in small airways, which could be re¬ 
flected in reduced lung function, particularly in re¬ 
duced FEV 10 (acute or short-term effect). But there is no 
solid evidence that these changes necessarily proceed 
to irreversible changes. A greater decrement in FVC 
than in FEV, 0 , which was observed in our study, sug¬ 
gested that FEV, 0 was more reversible than FVC after 
exposure to high levels of air pollutants was terminat¬ 
ed. Therefore, FEV, 0 might be a better health index for 
short-term (acute) effect, whereas FVC might provide a 
better health index for long-term (chronic) effects in 
adults. The study on air pollution effects that was com 
ducted in Berlin, New Hampshire, also maintained that 
SO r and TSPM were much more strongly associated 
with FVC than with FEV, 0 .’ 9 

Studies on the effects of chronic exposure to S0 2 and 
particulates in adults have been conducted extensively 
Areas of higher S0 2 and particulate pollutation have 
been associated with more respiratory symptoms, an 
increase in bronchitis, and a lowered FEV, 0 level. 2021 
These effects have been seen in nonsmokers but are 
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more prominent in smokers. Data from the Berlin, N£w 
Hampshire, study indicated that reduction in these 
pollutants may be followed by some improvement in 
pulmonary function and an alleviation of symptoms of 
chronic bronchitis. 22 However, few of the studies pro¬ 
vided data onithe quantitative relationship between air 
pollution and adult pulmonary function. 

Coal is the dbminant energy source in China, and it 
will be used for many years to come. Coal consump¬ 
tion in cities is estimated to increase 30% by the year 
2000. Coal will probably continue to be the major 
source of! air pollution, and it may produce more ex¬ 
cess morbidity and mortality from chronic obstructive 
pulmonary disease and other air pollution-related dis¬ 
eases. These diseases will significantly increase patient 
loads in hospitals and other health-care facilities, esca¬ 
late China's health care costs, and redbce industrial 
and agricultural productivity Air pollutants emitted 
from coali combustion in households have exceeded 
those from industrial resources, and therefore, control 
of! air pollution is of great public health importance in 
these areas. There is a great need ! tor better technology 
and better public policy to helb prevent the enormous 
suffering and human loss associated with air pollution. 


We greatly appreoate the substantive comments trom [Drs. Ben¬ 
jamin C. ferns. Jr., and Michael Reich 
Submitted tor publication September 22: 1990: accepted for publi¬ 
cation January 28. 1991. 

Requests tor: reprints should! be sent to Xtpmg Xu. M.Dl En¬ 
vironmental Epidemiology Program School oi Public Health. Harvard 
University. Boston. MA 02IIS. 


References 

1l Jian Kan Bao (editorial): Five Maior death causes in Chinese 
population have been confirmed Jian Kan Bao (in Chinese), tune 
16 198“ 

2 Yan BY! Epidemiological studies of chronic respiratory diseases in 
some regions of China Chest (Suppl) 1989:96 339s-42s. 

3: Cui JS et al. Global environmental monitoring system in five cities 
in China and the effects of air pollution on Human health. Tech¬ 


nical Repori (in Chinese). 1987. 

4. Zhao D Sun B Atmospherical pollution from coal combustion m 
China )APCA 1986; 36:371-74 

5. People's Daily (editorial) Air pollution is a big problem in China 
People s Daily (in Chinese). My 1. 1987 

6. American Thoracic Society, Guidelines as to what constitutes an 
adverse respiratory health effect, with special I reference to 
epidemiologic studies ot air pollution. Am Rev Respir Dis 1985. 
131:666-68 

7. Ferns BG jr. Epidemiology standardized project. Am Rev Respir 
Dis 1978: 1i18(suppl):1-120. 

8. American Thoracic Society; Standardization of spimetry. Am Rev 
Respir Dis 1979; 119:831-38. 

9. Fletcher C. Reto R. Tinker C. Speizer FE. The natural historv of 
chronic bronchitis ar>d emphysema. London; Oxford University 
Press. 1976. 

10. Sorensen. JB et al. Selection of the best spirometric valdes for, in¬ 
terpretation. Am Rev Resptr Dis 1980; 122:802-05. 

1.1. World Health Organization. Global I environmental monitoring 
system - urban air pollution, 1973-1900, London, University ot 
London, 1984. 

12. Dockery DW Ware JH, Ferris BG )r, et aL Distribution ot forced 
expiratory volume in one second and forced vital capacity in 
healthy white, adult nevensmokers in six U S. cities. Am Rev 
Respir Dis 1985; 131:511-20 

13: White. H: A heteroskedasticity-consistent covariance matri* 
estimator and a direct test tor Heteroskedasticity, Econometrics 
1980 48 817-38 

14. Wang A Chemical charaaeristics of airborne particles in Beijing 
area Acta Soentiae Circumstantiae (in Chinese); 1981 1:220. 

15. ZHao. D Some aspects or air pollution and its control in China. 
Sc China (in Chinese). 1984; 4:7. 

16 Hutchinson j. On the capacity of the lungs, and! on the 
respiratory functions with establishing a precise and easy, method 
ot detecting disease by the spirometer London; Transactions of 
the Medical and Clinical Society 1846; pp 29-137: 

17. Knudson RJ, Statin RC. Lebowitz MD, et al. Tihe maximal! ex¬ 
piratory flow-volume curve. Am Rev Resptr Dis 1976; 113: 
587-600 

18. Schoenberg )B, Beck GJ, Bouhuys A. Growth and d^cav of. 
pulmonary tunet ion in healthy blacks and whites Respir Physiol 
1978: 33 367-93, 

19 Ferris BC |r., Higgins ITT, Higgins MW, et all Chronic nonspecific 
respiratory disease, Berlin, New Hampshire. 196N1967; a cross- 
sectional study. Am Rev Respir Dis 1971; 104 232-44. 

20. Holland WW, Reid DD. The urban factor in chronic bronchitis 
The Lancet Saturday 27 February, 1965; pp. 445-48 

21. Lambert PM. Reid DD Smoking, air pollution and bronchitis in 
Britain. The Lancet Saturday 25 April. 1970; pp 853-57. 

22. Ferris BG |r., Higgins ITT, Higgins MW, et al. Chronic nonspecific 
respiratory disease in Berlin; New- Hampshire. 196110 1967: a 
follow-up study: Am Rev Respir Dis 1973; 107:110-22. 


206 


Source: https://www.industrydocuments.ucsf.edu/do^SFf»sy^t©0 i 0 l 0 , "* nulHM,,h, 


88W)TSCa0g 





2023510483 



Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 








r 


Pilotto, L.S., and Douglas, R.M., "Indoor Nitrogen Dioxide and 
Childhood Respiratory Illness," Aust J Public Health 16: 245-250, 
1992. 

The authors of this review paper examine "the available evidence 
of this association and explore methodological issues in measurement 
of nitrogen dioxide exposure — misclassification of subjects, 
symptom bias and confounding." The authors suggest that additional 
research, using personal monitoring and prospective data collection 
techniques, be conducted before any definitive conclusions can be 
drawn. 
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Indoor nitrogen dioxide and childhood respiratory illness 


Louis S. Pilotto and Robert M. Douglas 

National Centre for Epidemiology and Population Health , The Australian National University 


Abstract: Nitrogen dioxide is produced from the combustion of fossil fuels and as an emission 
from gas-fired appliances, and is also a component of tobacco smoke. Nitrogen dioxide has 
been shown in experimental animals to be toxic to the respiratory tract. A number of recent 
studies have suggested that children exposed to significant levels of nitrogen dioxide in the 
home may be more susceptible to respiratory illness than children exposed to normal ambient 
levels. Respiratory illness is a major cause of morbidity in children everywhere. Here, we review 
the available evidence of this association and explore methodological issues in measurement of 
nitrogen dioxide exposure— misclassification of subjects, symptom bias and confounding. It 
has recently been shown that some New South Wales school rooms, where unflued gas heaters 
are often used as a source of warmth, have nitrogen dioxide levels which are above 
recommended ambient levels for outside air. This has underlined the need for setting standards 
for indoor levels of various pollutants, and cohort studies are suggested, to include personal 
monitoring and prospective data collection techniques. (Ausl J Public Health 1992; 16: 
245-50) 


I n Australia it has been reported that for children 
younger than 15, there were 34 recent respirat¬ 
ory illnesses for every 100 children and over 40 
per cent of children had consulted a doctor for acute 
respiratory infection within a two-week period. 1 Also, 
children under five years living in urban areas were 
shown to have experienced an average of seven epi¬ 
sodes of respiratory infection annually, resulting in 
three doctor visits a year and the restriction of 
activity and ingestion of medicines on 15 days per 
year—at an estimated cost of $50 million.* The 
consequences of acute respiratory illnesses are obvi¬ 
ously significant. 

Samet has suggested identifying risk factors for 
these types of illnesses in order to reduce their result¬ 
ant burden by appropriate intervent ions.* Exper¬ 
imental studies in animals have shown that exposure 
to low levels of nitrogen dioxide (NO 2 ), of 0.3 to 0.5 
pans per million (ppm), over prolonged periods (par¬ 
ticularly in mice) increases susceptibility to exper¬ 
imental infection. 4 It follows that NO* should be 
considered a potential risk factor in humans. 

Nitrogen dioxide is an air pollutant formed by the 
oxidation of nitric oxide (NO). s The major source of 
ambient pollution is combustion of fossil fuels, while 
tobacco smoke and gas-fired appliance emissions 
provide the main indoor source. 4 

This report will focus on the epidemiological evi¬ 
dence of association between NO* exposure and res¬ 
piratory symptomatology and infection in children, 
who are likely to be more susceptible to air pollution 
than adults. 7 -* The current Australian experience is 
reviewed and recommendations for future direction 
are given. 


Correspondence 10 Dr Louis Fikxto. Nations] Centre for Epi¬ 
demiology and Population Health, Australian National University, 
CPO Box 4. Canberra, ACT 2601 


Childhood epidemiological studies 

Ambient (i.e. outdoor) NO* levels, gas cooking at 
home, and indoor NO* levels have all been used as 
measures of NO* exposure in children. Studies of the 
association between such exposure and respiratory 
symptom and illness have yielded mixed results. 

Ambient (outdoor) NO* exposure studies 

As shown in Table 1, all studies which relied on ambi¬ 
ent NO 2 levels as measures of exposure found a posi¬ 
tive relationship. 

Shy and colleagues, in a longitudinal study using 
bi-weekly postcards to determine illness history, 
found an excess of respiratory illness in second grade 
school children exposed to a high level of ambient 
NO*.* This study is referred to as the Chattanooga 
School Children Study. 

Pearlman and co-workers used a retrospective 
questionnaire in 3 217 children to determine the 
presence of bronchitis, croup and pneumonia over 
the previous three years. Bronchitis only was found 
to be significantly increased in first and second grade 
school children exposed to elevated ambient NO* 
levels during that period. 1 * 

Mostardi et al., using both a cross-sectional study 
design involving a modified Tuscon Longitudinal 
Population Study Questionnaire and a longitudinal 
design with daily diaries to record symptom occur¬ 
rence, found a higher incidence of respiratory symp¬ 
toms in the more highly polluted areas. 11 * 1 * Sulphur 
dioxide (SO 2 ) was also reported to be high in the 
more highly polluted areas. 

Love and co-worken replicated the Chattanooga 
study using a longitudinal design and found 
increased respiratory illness in children in areas more 
exposed to pollution. However they made the point 
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Toble 1: Ambient (outdoor) nitrogen dioxide studies 


Design 

N0 3 exposure 

Symptom meoswre 

Results 

Reference 

longthidino! 

987 children in 968 
fdmAes 

Ambient overoge 
concentration 0.043 ppm 
to 0.109 ppm 

Biweekly postcord; phone 
coS if new cold or sore 
throot 

Excess illness m children 
exposed to high NO} 
oreos 

Shy et ol. 9 

Cross-sec bond 

3 217 n fonts of first- ond 
second-grode school 
children 

Ambient overoge 
concentration 0.043 ppm 
to 0.083 ppm (or 2 to 3 
yeors 

Questionnaire for 
bronchitis, croup ond 
pneumowo, i.e. tower 
respiratory troct infection 

Bronchitis increased m 
children and infonts 
exposed to elevated N0 2 

Peorimon et dJ 10 

Cross-sec bond 

299 children oged 10 10 

11 years 

Ambmnl overoge 
concentration 0.014 ppm 
to 0.027 ppm 

Questionnaire based on 
Tucson longitudinal 
Population Study 
questionnaire 

Higher symptoms 
associated with polluted 
oreos (NO}l and S0 2 ) 

Mostordi et d. M 

Longitudmal, os above 

As obove 

Daily diones used for 
symptoms; given by 
teochers 

Higher incidence of 
cough, sore throot ond 
runny nose in more highly 
polluted oreos 

Mostordi et dJ 12 

lonoitudind 

2 727 cWdren ond odolts 

Ambient 24-hour, meon 
concentration 22 to 91 
pg per m* 

Bi-weekfy phone date for 
symptoms 

Excess respirotory iflness 
in children in higher ND 2 
oreos 

love et d 13 

Longitudinal 

4 898 cWdren oged 0 10 

12 yeors 

Ambient mean NO} of 
0.049 ppm, 

Bi-weekly phone doto for 
symptoms ond Aness 

A U-shoped relation was 
found for illness ond N0 2 
concentration 

Hornngton et d. u 

Longitudinal 

N ronged from 304 to 

701 on o yearly bovs 

Ambient meon NO} of 

0.02 to 0.06 mg/doy/100 
cm 2 

Questionnaire every 
summer for symptoms 

Symptoms more prevalent 
in cWdren more heavily 
exposed to pollution 
including NQ 2 ond S0 2 

Kogormmon et d. 1 * 


that it was not possible to attribute illness excess to 
specific pollutants. 13 

Harrington and Krupnick, using bi-weekly tele¬ 
phone data for symptoms and illness in children aged 
up to 12 years, found a U-shaped relationship 
between ambient NO 2 levels and respiratory illness. 14 
No explanation has been found for this unique 
result. It has not been replicated in other studies and 
would appear to be biologically implausible, since 
increasing illness occurrence would be expected with 
increasing levels of exposure. However Abramson 
and Voigt have suggested that if such a curve were to 
exist, this could account for some of the negative 
findings when dichotomous exposure categories 
have been used. 11 

Kagamimori and colleagues found a higher preva¬ 
lence of respiratory symptoms in atopies (children 
with a positive reaction to house dust extract) and 
school children more heavily exposed to air pollution 
which included both NO 2 and S0 2 .'* 

Gas cooking exposure studies 

In the studies using gas for cooking at home as a 
measure of N0 2 of exposure, mixed results were 
found (see Tables 2a and 2b). These studies mainly 
involved cross-sectional study designs with retrospec¬ 
tive parental questionnaires to determine symptom 
and illness histories. 

Melia 17 and Florey 1 * and their colleagues found a 
positive relationship between gas cooking at home 
and respiratory symptoms and illness. Melia's earlier 
study did not control for parental smoking, but this 
was corrected in later studies. 17 Speizer and 
co-workers, using physician-diagnosed bronchitis 


and a history of serious respiratory illness before the 
age of two years, found a significant association 
between gas cooking and respiratory illness in the 
under-two age group. 50 Dodge employed a modified 
Tuscon Longitudinal Population Study question¬ 
naire for asthma, sputum, cough and wheeze. The 
prevalence of cough only was found to be signifi¬ 
cantly higher in homes which used gas cooking. 51 
Ekwo et al. found that hospitalisation for respiratory 
illness before the age of two was positively associated 
with gas cooking at home. Such an association was 
not found for coughs with colds in children. 55 
Houthuijs found an increased prevalence of respirat¬ 
ory symptoms associated with the use of unvented 
geysers in the kitchen 53 , while Melia found a positive 
association in certain ethnic groups, namely Afro- 
Caribbeans and whites. 54 

In contrast to these studies, some have found no 
such positive association. Keller and co-workers, fol¬ 
lowing a 12-month longitudinal study involving 441 
families, found gas cooking was not associated with 
an increase in respiratory illness in either adults or 
children. 55 

Of particular significance. Ware and colleagues 
expanded the cohort used in Speizer's study and 
found no association between respiratory illness 
before the age of two and gas cooking at home, and 
acknowledged that the literature was inconsistent 
regarding the health effects of gas stoves.** 
Harrington et al. found no association between gas 
cooking and respiratory illness, which was inconsist¬ 
ent with the results of their ambient N0 2 exposure 
trial. 14 Similarly, Ogston and colleagues found no 
association between gas cooking at home and hospi¬ 
talisation and illness in the first year of life. 57 
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Indoor NO 2 monitoring studies 

Mixed results have also occurred in the few studies 
that measured indoor NO 2 levels and attempted 10 
estimate personal levels of exposure. Florey et al. 
found a positive association of respiratory illness 
prevalence with NO 2 exposure (as they had also 
found for gas cooking) which increased with higher 
bedroom levels . 19 Houthuijs and co-workers* in the 
study previously reported, also found a positive 
relationship of prevalence of respiratory symptoms 
with estimated personal exposure levels of NO 2 -" 
Berwick and colleagues, using a prospective design, 
found an increase in symptoms of the lower respirat¬ 
ory tract in children aged under seven exposed to 
more than 0.015ppm of NO*. However this study 
included only 121 children, making extrapolation to 
the population in general difficult.** Neas et al., using 


Palmes diffusion tubes to estimate mean annual 
household N0 2 exposure, found that a 15 parts per 
billion (ppb) increase in the mean exposure level was 
associated with an increased cumulative incidence of 
lower respiratory tract symptoms.** 

Four other studies, however, have found no such 
positive relationship. Melia and researchers detected 
no significant relationship between average 
measured NO 2 levels in bedrooms and living rooms 
and respiratory illness. 30 This result was contrary to 
their original findings using gas cooking as a measure 
of exposure. 17J “ They discounted high humidity or 
low temperature as being responsible for the 
discrepancy. 

Hoek et al., using Palmes tubes and activity data to 
determine personal exposure in a case-control study. 


Toble 2o: Gas cooking vs non-gas cooking at home—studies where positive associations were found 


Design 

Symptom measure 

Results 

Reference 

Cross* sectioned 

Retrospective questionnaire for 

Excess cough, colds gomg to the 

Meta et 

5 758 children oged 6 10 1 l years 

symptoms in the previous year— 
smoking not controlled 

chest ond bronchitis m gas-cooking 
homes 

of." 

Cross-sectionol IN — 4 8271 and 

Questionnaire os above but smoking 

Reiotrve risk was vohoWe, but mostly 

Meko el 

longitudinal IN— 2 4081 

Children oged From 5 to 111 yeors 

wqs included 

on mcreosed risk of one or more 
symptoms with gos cooking 

ol.” 

Cross-sectional 

Symptom Questionnaire based on 

Positive association between gas 

Florey et 

808 children oged 6 to 17 yeors 

Medico! Reseorch Council 

Questionnaire IMRCQ) 

cooking ond respvotory iMness 

ol.” 

Cross-sectional 

Questionnaire for doctor lor diognosis 

Significant association between gos 

Speizer et 

8 120 children oged 6 to 10 yeors 

ol bronchitis ond history of serious 
respiratory iMness before oge 2 and 
in the previous yeor 

cooking ot home ond respirotory 
illness belbre the oge of 2 yeors 

ol.» 

Cross-sectional 

676 children ,oged 8 to 1 2 yeors 

Questionnaire for osftimo, sputum, 
cough ond wheeze 

Prevalence ol cough was sigmficontly 
ossoooted with gos cook mg 

Dodge* 1 

Cross-sectionol 

Used o modified Amencon Thorooc 

Hospiioksoiton before the oge of 2 

Ekwo et 

1 138 children oged 6 to 1 2 yeors 

Society Questionnaire tATSQI 

was associated with gos cooking ot 
home 


Cross-sec honol 

World Health Organisation 

Gos use at home associated with on 

Houthuip 

630 children oged 6 to 9 yeors 

Questionnaire for respiratory 
symptoms 

increased prevalence of respiratory 
symptoms 

et ol. n 

Cross-sectionol 

Retrospective questionnove for 

All respirotory conditions (except 

Meka et 

4 815 children oged 5 to 11 yeors 

respiratory symptoms in ethnic groups . 

osthmal were most prevalent m Afro- 
Conbbeons ond whites 

ol M 


Table 2b: Gos cooking vs non-gas cooking at home—studies where no associations were found 


Design 

Symptom measure 

Results 

Reference 

longitudinal 

Bi-weekly phone data from each 

No ossociohon found between gos 

KeMer et 

1 952 odulls ond children 

household 

cooking ond respirotory iMness in 
chidren or odults 

ol." 

Goss-sec honol 

Amencon Thorooc Questionnaire lor 

No significant ossociohon between 

Sc honker 

4 070 children oged 5 to 14 years 

respirotory symptoms ond illness 
IATSCM ‘ 

gos cooking ond symptoms ol iMness 

et ol.* 

LongitudmaJ 

Bi-weekly telephone doto for 

Respirotory iMness was not related to 

Harrington 

4 898 children oged up to 12 years 

symptoms ond illness 

gas cooking ot home 

et d. 14 

Goss-sec honol 

Retrospective questionnaire for 

No sigmliconi relation between 

Wore et 

10 106 children oged 6 to 9 yeors 

symptoms and illness 

respvotory Jloess ond gas cook mg ot 
home 

ol." 

longitudinal 

Hospiloksohon ond recol of 

No significant ossociohon was found 

Ogston et 

1 565 infonts in their first year of life 

symptoms in the previous yeor 

but trends did occur 

ol.** 
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found no difference in exposure between cases 
reported to suffer from bronchitis, asthma, frequent 
coughs or colds, and allergy, and controls. 51 Koo and 
co-workers used passive diffusion badge-style moni¬ 
tors worn for 24 hours to measure personal NO 2 
exposure. They reported these monitors as having an 
accuracy of plus or minus 20 per cent when com¬ 
pared to other recognised forms of monitoring. 
Monitoring was conducted during one week only for 
each subject and no association was found between 
the children’s NO 2 exposure levels and respiratory 
symptoms. 3 * Dijkstra and colleagues estimated 
weekly average NO 2 concentrations at home using 
Palmes diffusion tubes as a measure of exposure. No 
association between NO 2 home exposure and respir¬ 
atory symptoms was found. 33 

Methodological issues 

Concerning ambient monitoring as a measure of 
NOj exposure, Mostardi points out that it is difficult 
to determine which ambient pollutant is responsible 
for an effect. 11 More specifically, the Chattanooga 
study* has been criticised for presuming to dis¬ 
tinguish the relative exposure contribution of NO 2 
from other pollutants. 3 In studies measuring ambient 
NO 2 levels only, caution is needed in interpreting a 
positive association between polluting gases and res¬ 
piratory illness to NO 2 


Some authors consider that use of gas for cooking 
as a measure of NO 2 exposure leads to 
misclassificaiion of subjects* 23 * 134 Samel and col¬ 
leagues indicate that if an association is small it may 
not be detected because of misclassification. They 
believe that no definitive statement is possible con¬ 
cerning the risk of NO 2 posed by gas cooking at 
home. 34 

In most retrospective studies, questionnaires 
answered by parents were used to determine 
children’s illness histories. These questionnaires 
were subject to bias introduced by the state of the 
child at the time of the questionnaire* 1 ' 34 and the 
parents’ lack of knowledge. 23 Another source of bias 
relates to which parent completed the questionnaire, 
with fathers reporting respiratory symptoms and ill¬ 
ness less frequently than mothers—-a factor uncon¬ 
trolled in past studies. 7 

Confounding, the effect of other variables which 
may be associated with the factors being studied, 
needs to be considered. Confounders may cause an 
overestimate, underestimate or may even change the 
direction of a true association between exposure and 
disease. 33 Potential confounders include smoking, 
asthma, and socio-economic status, which have not 
been accounted for with consistency in the reported 
studies. 34 




Table 3: Indoor nitrogen dioxide measurement 


Design 

Meon NO? meosure 

Symptom measure 

Results 

Reference 

Cross-sec tiono! 

808 children oged 6 10 

I I yeocs 

0.018 ppm to 0.122 
ppm, dHusion sampling in 
kitchens ond bedrooms 

Symptoms based on 
Medtcof Reseorch Council 
Questionnaire (MRCQI 

Positive association which 
increased with higher 

NO? levels 

Florey et iol.'* 

Cross-sec nonol 

630 children oged 6 to 9 
years 

Polmes tube ond rune 
budgeting for personol 
exposure 

0.103 ppm 

World Health 

Orgomsotion 

Questionnaire for * 
respiratory symptoms 
IWHOQI 

Personol exposure was 
associated with higher 
symptom prevalence 

Hoothuns et ol.” 

longrtudinol 

121 children oged Ids* 
than 7 years 

Passive diffusion 
monitoring 6-90 mg/m* 
0.03 to 0.045 ppm 

Bi-weekly phone colls (or 
Symptoms ond lower 
respiratory illness U.RI1 

tncreosed tRl nsk in 
children less than 7 
exposed to 30 Mg/m J 

Berwick et ol- M 

Cross-sechonot 

1 567 children oged 7 to 

1 1 years 

Polmes tubes for 2 weeks 
to estimate meon onnuai 
NO? household exposure 

ATSQ given on three 
seporote occasions for 
respirotory symptoms 

15 ppb increase m NO? 
onnuai household meon 
associated with increased 
cumulative incidence of IRII 

Neos et ol.** 

Cross-sectional 

179 children oged 5 to 6 

Possrve diffusion monitors 

0.005 to 0.161 ppm m 

Questionnaire for 
respirotory symptoms and 

No significant association 
found between overoge 

Mefco et ol.*° 

years 

bedrooms 

0.009 to 0.292 ppm m 
Wing rooms 

illness 

NO? levels ond 
respiratory conditions 


Case-control 

231 oged 6 

Polmes tubes and octhnty 
data 

44 to 114 Mg/m* 

0.022 to 0.057 ppm 

Questionnaire for 
symptom ond illness 
occurrence 

No difference occurred 
indbors between coses 
ond controls 

Hoek et of. 51 

Cross-sectional 

362 chOdren oged 7 to 

13 yeors 

Passive diffusion bodges 
levels 13.03 to 23.11 

ppb 

MRCQ ond ATSQ used 
for Aness ond symptoms 

No ossociorton between 
children's NO? exposure 
level ond respirotory 
symptoms 

Koo et of** 

longriutfnal ond 
cross *sectionorf 

1 051 children oged 6 to 

12 years 

Weekly Palmes tubes 
Averoge exposure 20 to 

60 pg/m J 

Modified WHOQ for 
respiratory symptoms 

No ossooonon between 
NO? home exposure ond 
reported respiratory 
symptoms 

Dijkslro et ol. 5 * 
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The Australian experience 

The NSW Slate Pollution Control Commission 
(SPCC), in determining air quality guidelines for 
urban air pollutants, has adopted the National 
Health and Medical Research Council (NHMRC) 
maximum for NO 2 of 0.16ppm (1 hour maximum),* 
In 1988, the Commission reported that the ambient 
NO 2 level exceeded this one-hour goal on no more 
than seven days in that year in their monitored areas. 
This tends to indicate that outdoor NO 2 exposure is 
likely to be small and this is supported by the ambient 
studies reported previously (see Table 1). 

In the same year, the first Australian study of 
indoor NO 2 levels was carried out in the Sydney 
metropolitan area and the adjacent Blue Mountains 
of New South Wales. NO 2 levels were measured in 46 
homes using passive badge monitors. Up to 58 per 
cent of homes were found to exceed the NHMRC 
goal of 0.16 ppm. 37 

Ferrari and co-workers concluded that an esti¬ 
mated half a million residents are exposed to NO 2 
levels that exceed the NHMRC goal to the extent of 
three hundred instances during a winter heating 
period. They suggest the number of instances would 
be much higher in the colder climates of Tasmania 
and Canberra. 37 

A recent discussion paper has reported on a study 
of the levels of NO 2 in over 600 New South Wales 
school classrooms resulting from the use of flueiess 
gas heaters. The study was commissioned by the NSW 
Department of Education and co-ordinated by the 
SPCC with the assistance of the Australian Gas Light 
Company. Nitrogen dioxide levels ranged from 0.01 
ppm to 2.90 ppm, being higher in poorly ventilated, 
unoccupied classrooms with greater heater use. 
However, even when directions were issued to 
schools to ensure adequate ventilation, 30 per cent of 
school rooms still had levels of NO 2 exceeding 
O.lfippm. 34 

Conclusions and recommendations 
The World Health Organisation recommends maxi¬ 
mum levels of 0.08 ppm over 24 hours and 0.21 ppm 
over one hour for ambient NO 2 exposure. 4 The 
NHMRC (recent recommendation) accepts that 
‘NO 2 may cause clinical effects in some individuals 
above 0.3 ppm hourly average*. The Australian 
experience would indicate that a significant number 
of people are exposed to more than 0.16 ppm of NO 2 
hourly on average and that a Urge number may be 
exposed to more than 0.3 ppm of NO 2 , especially in 
school classrooms. 

Serious doubts exist, for reasons already 
explained, about the interpretation of the previously 
reported studies which used ambient monitoring and 
gas cooking as surrogate measures of personal NO 2 
exposure. Attempts have been made to determine 
personal exposure using indoor monitoring results 
and diaries of individuals’ activities. Florey, 1 * 
Berwick” and Melia 30 carried out home monitoring 
only, while Houthuijs* 3 and Hoek 51 combined home 
monitoring with time activity data in an attempt to 
determine personal exposure. An attempt was made 


to determine school indoor exposure in one study 
hut monitoring was undertaken for one week only. 
This makes overall interpretation of these conflicting 
results difficult and does not provide adequate 
epidemiological evidence from which to set a maxi¬ 
mum hourly or 24-hourly average indoor goal for 
NO2- 

Epidemiological research is needed on Australian 
populations under local conditions. Respiratory 
responses of Australians to NO 2 exposure may differ 
from those of other countries and need to be 
defined. Study designs will need to incorporate 
strategies that allow accurate measurement of per¬ 
sonal exposure, reliable prospective collection of res¬ 
piratory illness data to overcome recall bias, and 
statistical techniques to determine the minimum 
NO 2 level which will cause illness. 

Many schools in New South Wales rely on unflued 
gas healing in winter and provide an opportunity for 
cohort studies to be undertaken. Passive diffusion 
badge monitors allow time-controlled short-term 
monitoring to be developed and provide a means to 
measure hourly levels of NO 2 exposure in large num¬ 
bers of children in classrooms. Combined with home 
monitoring, this would allow a determination of aver¬ 
age 24-hourly and hourly personal exposure which 
would contribute significantly to data required by the 
NHMRC for setting of goals for maximum NO 2 
levels. Collaboration with appropriate agencies and 
laboratories is vital to ensure accurate monitor prep¬ 
aration, exposure and analysis. 

Daily respiratory diaries have been used effectively 
and efficiently by one of the authors as a means of 
data collection. 3 * 40 Properly designed, these diaries 
may be maintained either by parents or by children 
and allow prospective data collection 10 reduce the 
recall bias inherent in the large number of cross- 
sectional studies undertaken to date. 

Such research is needed to determine if there is a 
health risk associated with exposure to low-level 
NOj. If there is no determined health risk, it would 
be unfair to impose arbitrary restrictions that may be 
financially detrimental to many organisations. 
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The authors studied the potential role of occupational exposure in 
the etiology of asthma. Seventy-eight asthmatics and 56 non¬ 
asthmatics from the Finnish twin cohort were investigated by means 
of a postal questionnaire. The authors reported that "exposure to 
organic solvents was found only in the asthmatic members of the 
discordant pairs, and none of the nonasthmatic persons had been 
exposed to solvents." There were reportedly no statistically 
significant differences regarding exposure to other unspecific 
"irritants." 
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Summary. In order to study the role of occupational ex¬ 
posure in the etiology of asthma, 78 asthmatics and 56 
nonasthmatics from the Finnish twin cohort were investi¬ 
gated by means of a postal questionnaire. Among those 
studied! were 31 identical twin pairs discordant with re¬ 
gard to asthma (i.e.. only one member of the pair had 
asthma). The questionnaire inquired into the diagnosis 
and status of the asthma, smoking habits, atopic back¬ 
ground, smoking history of the parents, and history as 
regards pets, andi requested a detailed description of 
occupational exposure to airway allergens and irritants. 
Classification into asthmatics and nonasthmatics was 
based on the information gathered with the question¬ 
naire, supplemented by other information whenever 
possible. Estimation of exposure was based on; the sub¬ 
ject's owm report, on the work descriptions, and on the 
general knowledge about the exposure levels associated 
with work tasks in question. Exposure to organic sol¬ 
vents was found only in the asthmatic members of the 
discordant pairs, and none of the nonasthmatic persons 
had been exposed to solvents. There were no statistically 
significant differences as regards exposure to other um 
specific irritants. Combined exposure to organic aller¬ 
gens and airway irritants was more common in the asthr 
rnatics than in the nonasthmatics (P = 0.009). Exposure 
to irritants was also more common among the asthmatics 
than the nonasthmatics with similar exposure to organic 
allergens {P = 0.004). 

Key words: Asthma - Occupational exposure - Twins - 
Airway allergens and irritants - Smoking 


Introduction 

In a recent study on asthma in the nationwide Finnish 
twin cohort, the heritability of asthma was estimated to 
be only 35.6%. The majority of the pairs with asthmatic 
members were discordant with regard to asthma (i.e.. 

Correspondence to. M. Amti-Poika 


only one member of the pair had asthma) [13]. This sug¬ 
gests that environmental factors play a major role in the 
etiology of asthma. Because the childhood environment 
of twins is similar, a possible explanation might.lie in the 
different occupational exposure. 

The underlying mechanism in occupational asthma; 
induced by organic allergens such; as flour and animal 
epithelia is an immunologic, mainly IgE-mediated reac¬ 
tion. In chemically induced occupational! asthma, other 
unknown mechanisms are apparently involved; as well. 
Chemicals identified as responsible for occupational 
asthma include stainless steel welding fumes [|9].. alu¬ 
minum salts [18]. organic acid anhydrides [12. 14]. and 
diisocyanates [10]. 

The occupational environment may contain a multi¬ 
tude of chemicals, such as organic solvents, irritant; 
gases, detergents, and welding fumes, which frequently 
give rise to respiratory complaints and are considered to 
irritate the airways unspecifically. It is not known 
whether long-term exposure to such substance> plays a 
role in the etiology of clinical asthma. Hypothetically, 
occupational exposure to dusts and unspecific airway 
irritants might trigger asthma nonimmunologicaliy or 
facilitate the penetration of allergens or hapten-forming 
chemicals bv affectins the bronchial defense mechanisms 

pi']. 

The objectives of this study were to assess (!) 
whether the identical twins discordant with respect to 
asthma differed with respect to occupational exposure to 
airway allergens or irritants, (2) whether occupational 
exposure to unspecific airway irritants was more com¬ 
mon among the asthmatics than among the nonasthma¬ 
tics in the entire sample, and (3) whether combined ex¬ 
posure to both allergens and irritants was associated vwth 
asthma. 


Subjects. The Finnish twin cohort is a populatton-Hasec sample of 
hke-se\ed adult twin pairs with 15888'twini pairs o: which 4?u 7 
pairs are identical. The zygosity has beenidetermmed-by a Inghiv 


Subjects and methods 
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Table 1. Subjects of the study 



No. 

Age ( 

Mean 

years i 

f SDv 

Gender 

Female 

Male 

Pairs with both members participating 

48 





Concordant with respect to asthma 

17 

51 

( 13 ) 

IT 

rv 

Discordant 

31 

51 

(Ml 

15 

10 

Pairs with only one member participating 

38 : 





Asthmatics 

13 

50 

(15): 

10 


Non asthmatics 

25 

44 

(15) 

11 

14 

All subjects 

134 





Asthmatics 

78 

51 

( 12 ) 

48 

30 

Nonasthmatics 

56 

48 

( 12 ) 

2tv 

50 


Table 2. Criteria of atopy 


Criterion 

Asthmatics 
(« - 46): 

Non¬ 
asthmatics 
<* - 17) 

Both positive skin tests and prurigo 

8 (17%) 

1 (6%) 

Positive skin tests 

30 (65%) 

6' (35% ) 

Prurigo in childhood 

8 (17%) 

10 (59%) 


accurate questionnaire method validated by blood markers [17]. 
Questionnaires were sent'to all pairs in 1975 (response rate 89%)i 
and in 1981 (response rate 84%) [8]. 

The subjects of the present study comprised 106 pairs of identi¬ 
cal twins of whom (1) both had responded to the questionnaires in 
1975 or 1981 and 1 at least one Had reported having asthma diag¬ 
nosed by a physician or (2) at least one had asthma as a hospital 
diagnosis in 1972-85 acccordmg to the national hospital discharge 
register. Sufficient data were gathered from 166 persons; (78%): 

Those persons who had had asthma before the age of 18 years 
were excluded from the study, whereafter the final material com¬ 
prised T54 persons: 48 pairs and 38 twins with only one member of 
the pair participating in the study (Table 1). 

Criteria of asthma. Classification into asthmatics and nonasthma¬ 
tics was based on the questionnaire. Fifty-two persons reported 
having asthma diagnosed by a physician. The claim of having 
asthma could be checked from the hospital records of 22 cases, and 
no discrepancy was found between the hospital records and the 
subject’s own .report in these cases. 

An additional 26 persons reported dyspnea triggered by gen¬ 
eral environmentaHirritants and/or allergens (such as grass pollen, 
animal epithelium, and cold). They were also classified as asthma 
cases. 

Criteria of atopy. Classification i as an atopic was based on (1) re¬ 
ported positive skin tests against several environmental!allergens 
or (2) reported prurigo m childhood! Forty-six (59%) of the asth¬ 
matics and 17 (30%) of the nonasthmatics w-ere classified as atopies 
(Table 2). Positive skin tests to environmental allergens were more 
often the classificatory criterion for the asthmatics than for the 
nonasthmatics. In addition. 42 of the atopies reported having 
rhinitis. 

Methods . Data were collected by means of a postal questionnaire 
inquiring into the diagnosis and status of the asthma, smoking 
habits, atopic background, smoking history of the parents, and 
history as regards pets, and requesting a detailed description of oc¬ 
cupational exposure to airway allergens and irritants. New ques¬ 
tionnaires were sent to the nonrespondents after 2 weeks. Supple¬ 
mental information was obtained bv telephone interviews, whem 


Table 3. Occupations classified as involving exposure to a dusty 
environment 


Agent 

Occupation 

Dusts in general 

Farmer 

Construction worker 

Gardener 

Peat dust 

Foreman/tractor driver at'a peat quarry 

Asbestos 

Insulator 

Sand dust 

Driver of a road scraper 

Liquid wood impregnants 

Industrial carpenter 

Paper dust 

Librarian 

Bookbinder 

Bookkeeper 

Bank clerk 

Post office clerk 

Grease smoke 

Baker 

Leather diist 

Leather worker 

House dust 

Hotel cleaner 

Dacron dust 

Inspector of Dacron textiles 

Plastic chemical 

Process worker in the plastic industry 

Stone dust 

Worker in a stone-crushmg plant 

Tobacco smoke 

Waiter 

Bar assistant 


ever needed and possihlb (in 69 cases): The data on N) cases were 
based on the telephone interview only. 

The same physician asked questions about the asthma and ex¬ 
posure in the telephone interview. The information about asthma 
and exposure were, however, evaluated and coded by ditierent 
persons independently of each other. 

Three analyses were performed. First, a pairwise comparison 
was carried out in the pairs discordant with regard to asthma. Sec¬ 
ond. using a case-control design, occupational exposure was inves¬ 
tigated with the whole material pooled. Third' in order to assess 
the possible association between asthma and combined exposure 
to allergens and irritants, a case-control design was used in a sub¬ 
group of the 50 persons occupationally exposed!to mator organic 
allergens (flour, animal epithelia. and moldsli The asthmatics with 
such exposure (31) served as cases, and the nonasthmatics I19.1 as 
controls: exposure to irritants was compared between the cases 
and tHe controls. 

Estimation of exposure In the questionnaire, detaileddescripuons 
of exposure to all occupational exposure agents were asked. 5U 
agents were specifically requested. The additonal dusts and agents 
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which w’ere spontaneously mentioned formed a group termed a 
“’dusty environment^* To avoid asymmetric reporting, the evalua¬ 
tion of exposure w as not based on subjective reporting only: em¬ 
phasis was placed on the work description and general knowledge 
about exposure in similar work tasks. All the farmers, construction 
workers, and gardeners were considered to be exposed to a dusty 
environment. The other occupations which'were regarded as in¬ 
volving exposure to a dusty environment, independently of the 
subjects* ow n reports, are presented in Table 3: 

The combined exposure to allergens and irritants consisted of 
exposure to the major organic allergens (flour, animal epithelia. 
and!molds) and to airway irritants. The irritants present in these 
combinations were organic solvents, welding fumes, textile dust, 
formaldehyde, detergents, and irritant gases or dusts (asbestos and 
other insulation materials, construction and garden dusts, grease 
smoke, tobacco smoke, and paper, leather, peat, and stone dusts): 

Statistical methods. In the comparison of the discordant twins, the 
McNemar test was used. The chi-square test for fourfold tables 
was used in the pooled material and Fisher's exact test was used 
when the smallest expected frequency was <5. 


Table 4. Atopy in the tw’in pairs discordant with respect'to asthma 
(31 pairs) 



Asthmatic eorwin 



Atopic 

Nonatopic 

Nonasthmatic coxw-in' 
Atopic 

8 (concordantly 

li (discordant 


atopic) 

for atopy) 

Nonatopic 

11 (discordant 

Hi (concordantly 


for atopy ) 

nonatopic): 


Results 

Discordant twin pairs 

Thirty-one out of 48 twin pairs were discordant'with re¬ 
spect to asthma. Twelve of them were also discordant 
with respect to atopy (Table 4:), In 11 pairs the asthmatic 
twin also displayed atopy, whereas imone pair, aiopv 
was present in the nonasthmatic twin (McNemar test 
P = 0.004). 

Dissimilarity with respect to occupational exposure 
was found in 14 pairs: in nine pairs the asthmatic twin 
was exposed, in five the nonasthmatic (Table 5). As re¬ 
gards type of exposure agent, exposure to organic sol¬ 
vents was reported only by the asthmatic members of the 
pairs. Six pairs differed with regard to smoking habits: 
there were no pairs in which only the nonasthmatic twin 
had been a smoker. 

Occupational exposure among the asthmatics 
and the nonasthmatics in the pooled material 

Sixty asthmatics (77%) and 40 nonasthmatics (71%) had 
been occupationally exposed to at Ibast one agent. There 
was a difference between'asthmatics and nonasthmatics 
concerning exposure to organic solvents (Table 6). to 
which none of the nonasthmatics had been exposed. In 
all instances, the solvent exposure had preceded the 
onset of asthma. Combined exposure to allergens and 
irritants w'as statistically significantly more common 




Table 5. Occupational exposure and smok¬ 
ing in the twin pairs = 31) discordant 
with respect to asthma 



Number of pairs 

Discordantly exposed 

Asthmatic Nonasthmatic 

member of member of 
the pair only the pair only 

Concor¬ 

dantly 

exposed 

McNemar 

test. 

P value 

Smoking 

6 

0 

4: 

0.01U 

Present smoker 

4 

0 

1 

0.045 

Former smoker 

2 

0 

3 

>0.10 

Occupationally exposed 

9 

5 

18 

>0.10 

Organic solvents 

4 

0 

0 

0.045 

Welding 

4 

1 

0 

>0.10 

— of mild Meel 

4 

1 

0 

>0.10 

— of galvanized materials 

-> 

0 

0 

>0.10' 

- of aluminum 

1 

0 

0 

>0.10 

- of painted materials 

*> 

1 

0 

>0.10' 

- of stainless steel 

0 

0 

0 

>0.10' 

Combination of organic 
allergens and irritants 

5 

*> 

li 

>0.I0 

Pesticides 

4 

11 

\ 

>0.10' 

Soldering flux fume 

-> 

0 

0 

>0-10' 

Cutting fluids 

-> 

0 

0 

>0.10 

Irntant gases 

-j 

0 

-t 

>0.10 

Flour 

1 

4 

9 

>0.10 

Animal epithelium, 

0 

3 

10 

>0.10 

Molds 

3 

4 

8 

>0.10 

Textile dust 

1 

3 

-> 

>0.10 

Dusty environment 

4 

5 

4 

>0.10 
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Table 6. Exposure of the asthmatics and nonasthmatics {in the 
pooled material)__ 


Exposure agent 

Asthmatics 
{n = 78) 

No.. % 

Nonasthmatics 
( n = 56) 

No. %• 

Any exposure 

60 

77 

40: 

71 

Animal lepithellum 

TT 

28 

17 

30 

Flour 

28 

36 

17 

30 

Molds 

25 

32 

18 

32 

Combined exposure to 
allergensand irritants 

21 

27* 

5 

9* 

Textile dust 

11 

14 

5 

9 

Wood dust 

9 

11 

4 

7 

Organic solvents 

8 

10 

0 

0 

Detergents 

9 

11 

7 

12 

Welding fumes 

7 

9 

3 

5 

Mildsteel i 

6 

8 

3 

5 

Galvanized material 

4 

5 

1 

-i 

Aluminum 

3 

4 

0 

0 

Stainless steel 

3 

4 

1 

-> 

Painted materials 

4 

5 

T 

4 

Roots andivegetables 

4 

5 

4 

7 

Formaldehyde 

5 

6 

1 

-» 

Cyanacrylbtes 

2 

3 

2 

4 

Plastic degradation products 

-» 

3 


4 

Dyes 

2 

3 

-> 

4 

Soldering flux fumes 

2 

3 

0 

0i 

Cutting fluids 

2 

3 

-> 

4 

Pesticides 

6 

8 

5 

9 

Irritating gases 

5 

6; 

3 

5: 

Metal dust (excluding chromium); 

3 

4 

3 

5 

Dusty environment 

43 

55' 

30' 

54: 


m Significant difference between asthmatics and nonasthmatics: 
P - 0.009 


among the asthmatics than the nonasthmatics. A similar, 
althoug not statistically significant, trend was found for 
exposure to flour, wood dust, textile dust, molds, and 
formaldehyde. 

Only one asthmatic had been exposed to spices, iso¬ 
cyanates. or hairdressers' chemicals, and no person had 
been exposed to milk powder, enzymes, raw coffee, raw 
cotton, raw flax, epoxy compounds, pharmaceuticals, or 
photochemicals. 

Smoking was less frequent among the asthmatics 
(ilS% )i than among the nonasthmatics (37% ) { P ~ 0.09). 
whereas the asthmatics were more often ex-smokers 
(17%) than the nonasthmatics (9%) (P = 0.20). Parental 
smoking was slightly more common among the asthma¬ 
tics (62% )i than- among the nonasthmatics (50%) (:P = 
0-18). but pets had slightly more often been present in 
the childhood of the nonasthmatics. 

Combined exposure (o allergens and irritants 
(the case-control study in the subgroup 
exposed to organic allergens) 

Twenty-one (68% ) of the asthmatics exposed to organic 
allergens had also been exposed to airway irritants. 


whereas only five (26%) of the nonasthmatics had a 
similar combined exposure (P - 0.004). 


Discussion 

The hypothesis of the study was that occupational expo¬ 
sure would explain the discordance with regard' to 
asthma in identical twins which had been discovered in 
an earlier study [13]. In the present stuci\. ri5°.> of the 
pairs were found to be discordant with regard to asthma', 
but no clear explanation for the discordance was found. 
Some of the results, however, suggest a role for both 
occupational exposure and smoking in the etiology of 
asthma. 

Exposure to organic solvents was. only found in the 
asthmatic members of the discordant pairs. In the 
pooled material, solvent exposure was also reported 
only by the asthmatics. There were no differences as 
regards exposure to other unspecific irritants, either in 
the pairwise analysis or in the pooled material. Combined 
exposure to allergens and irritants was clearly associated 
with asthma in the pooled material. Exposure to irritants 
was also more common in asthmatics thananmonasthma- 
tics with similar exposure to organic allergens. 

The proportion of discordance was dearly smaller 
(65%) in the present study than in the previous study on 
asthma in'the same Finnish twin cohort;(13). where 93% 
of the 148 identical pairs with asthma were discordant 
with regard to asthma. The discrepancy between the two 
studies is understandable, because the collection iMicases 
and the criteria for asthma were different In the earlier 
studv, the cases were derived fromithe nation.il hospital: 
discharge register and the nationwide re com ot the 
Social Insurance Institution for fully reimbursed medica¬ 
tion. This means that the study was not: dependent on 
the response of the subjects. It also means liv.ii subiecis 
with milder disease were excluded: trom ihat study. 
Moreover, persons with childhood asthma a h.^uere ex¬ 
cluded from the present study, were included m the ear¬ 
lier study. 

The precision of diagnosis is always pr.'^kmuitic in 
questionnaire studies. The question primed! w-nv 
•'Have you been diagnosed as having asthma.’ In aJJif 
tion. the place ofi diagnosis and details mr ::u disease 
were requested. In a Swedish study j - ihc ^ousiNiency 
between questionnaire results and cluneal oi.iem'Ms ot 
asthma was fairly good: in only 2 of 3 U vih" -lid diag¬ 
noses fail to correspond. We were able u> nc hos¬ 
pital records in 22 cases without finding aitv .!:*■* repuncy 
between the hospital 1 diagnosis and the * neport; 

Thus, we believe that the reliability ot t!u answers- is 
quite goodL 

It was more difficult to classify the 2o who re¬ 

ported that they had not been diagnose'! o having 
asthma, but who cited: symptoms wtuoi •. ambled 
asthma and which were triggered b\ geiu • ri rniron? 
mental allergens, irritants, or cold. Sonn ■*: •*:. a> -.wen 
used asthma medication occasionally I practical 
reasons, it was not possible to clinical!* -nrsv me Jug i 
noses, and the persons were classttied as awm-.aiics it' 
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the history given in the questionnaire suggested such a 
diagnosis. According to the nationwide registry for fuliy 
reimbursed medication [13]. two of these persons were 
later provided with asthma medication free of charge, 
which means that their asthma had later been diagnosed 
by physician and needed continuous medication. 

Ihi a case-control study, the reporting of exposure to 
unspecific irritants and a dusty environment is suscep* 
tible to a systematic error. Asthmatics, more often than 
healthy people, suffer from irritants and thus more readr 
ily report therm Therefore, stricter criteria were used in 
the evaluation of exposure. This probably diminished 
the effect' of asymmetric reporting, a suggestion sup¬ 
ported by the fact that the asthmatics.no more frequently 
reported any exposure or exposure to a dusty environ¬ 
ment than did the nonasthmatics. The stricter evaluation 
ofexposure. however, probably misses some relevant in¬ 
formation and thereby diminishes the sensitivity of the 
study. 

Analyses 2 and 3 included data from individual mem¬ 
bers of twin pairs. i.e., the other member failed to re¬ 
spond. This could have caused systematic positive bias if 
the asthmatics had responded: more often and reported 
exposure more actively than the nonasthmatics. Most of 
the respondents (66% ); were nonasthmatics, however. 
The inclusion of the 13 "pairless*' asthmatic members 
could cause a positive bias if their nonrespondent pairs 
were nonasthmatic and were occupationally exposed. Of 
these 13 asthmatics, one was exposed to solvents and 
three had combined exposure to organic allergens and 
irritants. If these 13 persons had been excluded from the 
analyses, the statistical significance would have dimin¬ 
ished but not disappeared (P = 0.Q2 in analysis 2 and 
0.01 in the analysis 3). Thus, the bias, if there is any. is 
unlikely to explain the results totally. 

The advantage of studying identical twins, with,iden¬ 
tical genetic sets and similarity of childhood background 
and living habits, may be evened out by the fact'that, as 
it'turnediout, identical twins tend to choose similar occu¬ 
pations and thus to have similar working conditions. A 
tendency for asthmatics and atopies to work in "cleaner" 
occupations may also diminish the power of a study such' 
as ours. 

Our results are partly in concordance with those of 
earlier studies. Some chemicals are known to be capable 
of inducing bronchial! hyperresponsiveness. Such chemi¬ 
cals include ozone [6]. toliiene diisocyanate [3]. colbphony. 
[2] sulfur dioxide [7], and tobacco smoke [5], Our clinical 
experience suggests that organic solvents might trigger: 
the onset of asthma but so far we have found no epi¬ 
demiologic or experimental studies on the role of! sol¬ 
vents in bronchial! hyperresponsiveness. On the other 
hand, the association between combined exposure to 
allergens and irritants and asthma is in agreement with 
some recent studies which imply that exposure to irri¬ 
tants may injure the bronchial mucosa, facilitating the 
penetration of allergens, or by some other mechanisms 
increase the sensitization to allergens [|1. 11. 15. 16. 19]! 

In the discordant pairs, only asthmatic twins were or 
had been smokers. Smoking was inversely related to 
asthma in'the pooled material but the ex-smokers were 


more common among the asthmatics. It is possible that 
asthma had led to giving up smoking, although this was 
not specifically investigated in the study. The role of 
smoking in allergy has been suggested by some epi¬ 
demiologic and experimental studies [21]. Our results 
are consistent with the earlier study on the Finnish twin 
cohort' [PO], were smoking was not' found to be a strong 
risk factor for asthma although the prevalence of asthma 
was slightly higher among male smokers. 

Eleven of the pairs discordant with regard to asthma 
were discordant with respect to atopy as well. Thus 
atopic asthma may account for part of the discordance 
with respect to asthma, although the study did not offer 
any explanation for the 11 pairs being 1 discordant with 
respect to atopy despite their identical genetical back¬ 
ground' and similar childhood conditions. The results 
musti be evaluated with caution, however, because the 
determination of atopic cases was mainly based on skin 
tests, and it is obvious that asthmatic persons are skin 
tested more oftem 

The studied population was small and the number of 
persons exposed to individual agents was likewise small. 
Because there were also other factors diminishing the 
power of the study, conspicuous differences were hardly 
expected! Therefore, our results can be considered to 
support our hypothesis that long-term:exposure to' irrit^ 
ant' substances (irritating substances in general and! or¬ 
ganic solvents in particular) may influence the develop¬ 
ment'of clinical asthma of both allergic and nonallergic 
nature. 
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S., and Speizer, F.E., "Effects of Asthma on Pulmonary Function in 
Children: A Longitudinal Population-based Study," American Review 
of Respiratory Disease 145(1): 58-64, 1992. 

The authors performed a population-based cohort study of 602 
children aged 5-9 years to examine the possible effects of asthma 
on pulmonary function development in children. Spirometry was 
performed and a standardized respiratory and illness questionnaire 
was administered by trained interviewers every year for 13 years. 
The authors report that their results "demonstrate apparent sex 
differences in the relationship between asthma and lung function 
development, with males more likely to have asthma but females 
experiencing a greater deficit in pulmonary function. For example, 
females were at a greater risk of hospitalization for asthma than 
male asthmatic subjects. 
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SUMMARY Data from • koogttudlnal study of childhood Melon Influencing the development of 
chronic obstructive lung dleeeee were used to as sees the effects of sathme on lung function devel¬ 
opment In male end female children. A population bas ed cohort of S03 white children, initially aged 
5 to 9 yr, was observed prospectively for 13 yr. Spirometry wet performed and a standardized raapi- 
retory and Illness questionnaire was administered by trained interviewers on a yearly basis. Forced 
vital capacity (FVG), forced expiratory volume In one second (FEV,), and fore ad expiratory flow be¬ 
tween 2S and 7SH of vital capacity (FEF,*-t») wars used as measures of lung function. The total 
number of children reporting asthma over the courea of the study was 67. Mala asthmatic s u b j e cts 
{n * 42) had larger average percentage of predicted FVC than non asthmatic males (n * 277). Fe¬ 
male asthmatic subjects (n ■ 23) had a lower average percentage of predicted FEV, than no neat h- 
matic females (n * 260). In a multivariate analysis of the individual lung function measures, adjust¬ 
ing for previous level of pulmonary function, age. height, change In height, and personal and mater¬ 
nal smoking, males reporting active asthma had a significantly larger FVC than males with no history 
of asthma. In contrast, females with active asthma had a significantly smaller FEV. than feme lea 
with no history of asthma. Both males and females with active asthma had decreased FEF,*.,,. 
From our analysts we would predict that s female who develops asthma at age 7 would experience 
a 5H reduction In FEV. by age 10 and a 7M deficit by age 15. In our sample, asthmatic females 
had a greater risk of hoepiteltketton for asthma than male asthmatic subjects (4 of 23. 6H. versus 
1 of 42. 2%. p » &049). These results demonstrate apparent tax differences In the relationship 
between asthma and lung function development, with males mors likely to have asthma but females 
experiencing » greater deficit In pulmonary function. AM REV AESRiA OlS 1M2; 1U SM4 
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Introduction 

I o date only a few investigations (1-5) 
have explored the effect of a history of 
asthma on lung function in children. No 
study has characterized subjects at more 
than two points in time, and male-female 
differences have not been clearly ex¬ 
plored. In this paper, we report on the 
analysis of data for a cohort of 602 chil¬ 
dren examined annually over a 13-yr peri¬ 
od. During the course of the study, suf¬ 
ficient numbers of both male and female 
asthmatic children were identified to per¬ 
mit the characterization of male-female 
differences in the effect of asthma on pul¬ 
monary function. 

Typically, asthmatic children have pul¬ 
monary function within the normal range 
in adolescence or young adulthood; with 
asthmatic symptoms tending to remit in 
a variable percentage as children grow 
(1^5). The presence of active symptoms 
is associated with lower levels of pulmo¬ 
nary function (1^4). 

Cigarette smoking, direct (6) and pas¬ 
sive (7, 8), has been shown to impair the 
growth of lung function in children and 
adolescents, and cross-sectional investi¬ 
gations have identified maternal smok¬ 
ing as a factor influencing airways re¬ 
sponsiveness and level of lung function 
among asthmatic subjects (9, 10). Thus 
any analysis of lung function develop¬ 
ment among asthmatic subjects must 
take account of the effects of personal 
and maternal smoking. In our cohort, 
smoking history and other potential con¬ 
founding factors have been documented 
through the use of a detailed annual ques¬ 
tionnaire, and as a result, we are able to 
make appropriate adjustments to our es¬ 
timate of the effect of asthma on pul¬ 
monary function. 

Methods 

Population Selection and Screening 
Details ofthe sample selection and screening 
have previously been reported (7. H). Brief¬ 


ly, a 34 r e random sample was selected from 
all children aged 5 to 9 yr who enrolled in 
September 1974 in the public and parochial 
schools of East Boston; Massachusetts. East 
Boston is a smalt, geographically distinct, eth¬ 
nically and socioeconomically homogeneous 
area of the city of Boston. All the children 
in our study are white and predominantly 
Italian-American. 

These randomly selected 5 to 9 yr olds were 
considered ihe index children. Trained inter¬ 
viewers visited the households of the index 
children and enumerated all residents between 
January and June 1975. The residents of these 
households, including the index children, con¬ 
stituted the initial study population. Initial 
examination of the subjects was conducted 
between January and June 1975. Index sub¬ 
jects then were visited in their homes during 
the school year (September to June) for a to¬ 
tal of 13 annual follow-up examinations. Oth¬ 
er family members were visited in their homes 
only for follow-up examinations 3 through 
13. Follow-up interviews were conducted 
whenever possible within 4 calendar weeks 
of the date of the previous year’s interview; 
usually between 2:00 and 8:00 p.m. All follow¬ 
up examinations were performed by one of 
two original interviewers. 


Respiratory Symptoms and 
Definition of Asthma 
Standardized questionnaires were used to ob¬ 
tain a history of respiratory symptoms and 
illnesses, as well as smoking history and demo¬ 
graphic data. At the initial examination and 
the first two follow-up examinations, sepa- 
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rate questionnaires were used for subjects un¬ 
der 10 yr of age and for subjects 10 yr or old¬ 
er. A common questionnaire was used for all 
subjects in the third through thirteenth follow¬ 
up examinations. The questions relating to 
chronic respiratory symptoms were those pro¬ 
posed by the Division of Lung Diseases, Na¬ 
tional Heart Lung and Blood Institute for 
epidemiology studies (12, 13). For children 
aged 10 or younger, the parents answered all 
questions except those pertaining to the child’s 
own smoking history; all other children an¬ 
swered all questions themselves. 

Asthma was defined as an affirmative an¬ 
swer to the question, “Has a doctor ever told 
you that you (your child) have (has) asthma?" 
Any wheeze was defined as wheezing with 
colds or occasionally, apart from colds, or 
on most days and nights. For the purpose of 
the present analysis three different definitions 
of asthma were used. Subjects were defined 
as ever-asthma if they ever responded affir¬ 
matively to the question. All other subjects 
were defined as never-asthmatic. This defini¬ 
tion disregarded disease activity and was used 
for the analyses presented in tables 2 and 3. 
In the longitudinal analyses, active asthma 
was considered present if a subject respond¬ 
ed affirmatively to the ever-asthma question 
and had any wheezing symptoms in that study 
year. Subjects with a past history of asthma 
but who denied wheezing during the previ¬ 
ous year were considered to have inactive asth¬ 
ma in that study yean This definition of ac¬ 
tive asthma was chosen because it has a high 
correlation with an objective test of airways 
responsiveness in a cross-sectional study of 
a representative sample of this population 
(14). An additional benefit of the active and 
inactive definitions is that the true natural his¬ 
tory of the disease is being modeled (subjects 
can have active disease in one year, inactive 
disease the next and active disease the third, 
and these relationships are captured in the 
model). 

Hospitalization and medication use were 
assessed by self-report of hospitalization or 
medication use in each survey year. Respira¬ 
tory illness before age 2 was defined as pa¬ 
rental report of a doctor’s diagnosis of pneu¬ 
monia, bronchitis, croup, or bronchiolitis be¬ 
fore age 2. 

Definitions of Cigarette Smoking 
A mother was considered a current smoker 
*f she had been smoking within 1 month be¬ 
fore the time of interview for the initial ex¬ 
amination or for the entire year before and 
including the time of interview for the follow¬ 
up examinations. Exsmokers were defined as 
^osc who had smoked more than 20 packs 
in their lifetime or more than one cigarette 
to day but had stopped smoking more than 
ll month before the interview. For the pur* 
**** of the analysis, children with never and 
^moking mothers were compared with chil- 
drc n with currently smoking mothers. 

The child’s smoking history was obtained 
. lr *ctly fr 0m all children during pulmonary 


fun< 


not present. A child was considered a current 
smoker if he or she smoked a; least one ciga¬ 
rette per day within 1 month of the interview. 
For the purposes of this analysis, never- 
smokers and exsmokers were compared with 
current smokers. 

Spirometry 

Forced vital capacity (FVC) maneuvers were 
performed with the subjects seated without 
nose clips using an 8-L, water-filled portable 
spirometer (Survey spirometer, Warren E. 
Collins, Inc, Braintree; MA). Tests were per¬ 
formed by one of two of the same technicians 
(one technician performed > 90^# of the tests) 
throughout the enure study. A test was con¬ 
sidered acceptable if the technician assessed 
that a maximum effort had occurred in the 
face of no other technical problems (e.g., 
mouth leak) and all criteria for an acceptable 
timed forced expiratory volume (12) were met. 
Subjects aged 10 yr or less were encouraged 
to blow for at least 4 s and those over 10 yr 
were encouraged to blow for at least 6 s. Five 
acceptable tracings wuh vital capacities within 
5^i of the maximum were sought; up to eight 
attempts were permitted. 

All tracings were hand measured by the 
same technician for the first nine surveys and 
by a second technician for the last four sur¬ 
veys. The second technician was standardized 
to the first technician on a regular basis to 
assure the comparability of the measurements 
across surveys. All volumes were corrected to 
body temperature and pressure saturated with 
water vapor (btps). Three measures of pul¬ 
monary function were obtained from the 
spirograms; FVC, forced expiratory volume 
in one second (FEV,), and forced expiratory 
flow between 25 and 75^i of the vital capaci¬ 
ty (FEF*». n ). FEV, measurements with ap¬ 
propriate back extrapolation were accepted 
from tracings from which FVC measurements 
could not be made (12). In t he present analy¬ 
sis, the maximum recorded FEV,, FEF 1W », 
and FVC (13) (not necessarily from the same 
tracing) were used. Each subject's standing 
height (ht) without shoes was measured to the 
nearest 0.5 inch and converted to centimeters 
for this analysis. Mean function values were 
converted into percentage of predicted values 
using the nomograms of Dickman and col¬ 
leagues (15). 

Methods of Data Analysis 
For preliminary percentage of predicted anal¬ 
yses (table 2), pulmonary function was com¬ 
pared by two-sample t tests with two-sided 
p values. Two-sample t tests with two-sided 
p values were used to compare, by sex, asth¬ 
matic subjects with respect to age of onset 
of asthma, total number of years of active 
asthma, total number of years of medication 
for asthma, number of years smoking, and 
total number of cigarettes smoked. Fisher’s 
exact test with two-sided p values calculated 
according to the “horizontal line method" (16) 
was used to compare the numbers of male 


pitalization for asthma and illness before age 
2, and by sex the numbers of asthmatic and 
nonasthmatic personal ever-smokers. 

A first-order autoregressive model (8, 17) 
was used to estimate the effect of smoking 
and asthma history on lung function separate¬ 
ly for males and females. This method ac¬ 
commodates the longitudinal nature of the 
data and is particularly easy to implement and 
interpret because it is implemented using a 
modification of linear regression, a technique 
included in most statistical software packages. 
The usual linear regression model is not ap¬ 
propriate for longitudinal data because the 
repeated observations on individuals are not 
independent. 

To implement the method the natural log¬ 
arithm of lung function at each time period 
for each child was used as the dependent vari¬ 
able in a linear regression that included lung 
function in the previous time period as an 
independent variable along with sex, age, 
height, change in height, maternal smoking, 
persona] smoking, active asthma, and inac¬ 
tive asthma. Adjustment for the residual 
correlation between the lung functions of sib¬ 
lings in the same study year was accomplished 
by including a random effect for each family 
study-year combination 08), The differential 
effects of sex were examined by including in¬ 
teraction terms between sex and the indepen¬ 
dent variables. Sex, the asthma variables, and 
the sex-asthma interactions were kept in all 
models, but other sex interaction terms were 
retained only if they were statistically signifi¬ 
cant. Model adequacy and validity were 
checked by examining residual plots and au¬ 
tocorrelation functions (19 )j 

Finally, a second-order autoregressive mod¬ 
el was fit to the data, and these results com¬ 
pared to the results of the first-order au¬ 
toregressive model. This model predicts the 
current pulmonary function as a function of 
the two previous years values. Because this 
model reduces the effective sample size by 
25and thus adversely effects study power 
and because, in our judgment, the results were 
essentially the same as the first-order models, 
only the first-order results are presented in 
table 4. We note that the second-order term 
was significant for each of the three lung func¬ 
tion measures, however, thus indicating the 
possibility of an improved fit using second- 
order models. The results of the first- and 
second-order models are contrasted in table 5. 

The coefficient for the current asthma vari¬ 
able can be interpreted as the increase or de¬ 
crease in the logarithm of lung function in 
any given time period associated with the pres¬ 
ence of current asthma, holding constant all 
other terms in the model, including lung func¬ 
tion in the previous period. A method for 
propagating the increase or decrease over sev¬ 
eral periods is given by Rosner and cowork¬ 
ers (17) and has been modified slightly to pro¬ 
duce the projections shown in figures 1 and 
2. Because our regression model used the 16g- 
arithm of lung function, we obtained the 
percentage effects shown in table 4 by ex- 


«ion testing, a timeg^Q^nt^ 


regression 
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TABLE 1 

COMPARABILITY Of SUBJECTS INCLUDED AND EXCLUDED PROM 
ANALYSIS FOR SELECTED CHARACTERISTICS 


IN THE ENTRY YEAR 


Included 

Excluded 

p Value' 

Numpors 

602 

193 


Age |x x SD). yr 

6.9 x 1.3 

7 0 ± 13 

0 407 

Height. (x * SD). cm 

122 4 x 9 4 

121 9 * 104 

0 646 

FEV, (x x SD). L 

1 15 x 0 19 

1 14 x 0 21 

0571 

Asthma, wheeze, n (%it 

30(5.2) 

11 (6 0) 

0 327 

Mother 1 * smoking, n (%)* 

191 (26 9) 

57 (33:5) 

0 532 

Sex. male, n (%) 

303 (52 5) 

99 (51 3) 

0 411 

Personal smoking^ nonsmokers, n {%)* 523 (97 8) 

135(98 5) 

0 798 


' TwOHO#C 0 for h*o-*Arnci# f ttttt Of OV-SQuareO IMtt 
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1 Th#f» Wf 75 mom#r» meung imoiting mlormation *r> Ye*r 1 S2 non min# mooe* *o» maies ar*e 
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TABLE 2 

AVERAGE PERCENTAGE PREDICTED VALUES FOR PULMONARY FUNCTION 
AT ENTRY AND OVER 13 YR OF OBSERVATION FOR ASTHMATIC 
AND NONASTHMATilC SUBJECTS BY SEX 





FVC 



FEV, 


FEF„. 

n 


Mean 

X 

SD 

p Value 

Mean x 

SD 

p Value 

Mean - 

SD 

p vaiue 

Males 











At entry 











No asihma 

101 

X 

15 

0734 

105 ± 

16 

0 675 

88 x 

20 

0 037 

Active asthma 

102 * 

18 

103 x 

22 

76 x 25 

13-yr average 











Nd asthma 

100 

X 

12 

0 130 

103 * 

12 

0 267 

92 ± 

18 

0 003 

Ever astnma 

103 

X 

11 

100 * 

13 

80 x 

22 

Females 











At entry 











No asthma 

106 

X 

14 

0 529 

116 x 

16 

0038 

95 x 

21 

0 072 

Active asthma 
13-yr average 

104 

X 

17 

102 x 

16 

73 x 

30 




No asthma 

no 

X 

13 

0 536 

113 * 

12 

0 012 

100 x 

19 

0 003 

Ever asthma 

106 

X 

13 

104 * 

16 

82 x 

26 
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TABLE 3 

CHARACTERISTICS OF ASTHMATIC SUBJECTS 
INCLUDED IN THE ANALYSES 



Mate n - 42 

Female, n - 23 



Mean SD 

Mean: SO 

p Value 

Age astnme began 

729 x 4 66 

8 61 x 5 39 

0 327 

Years o* astnma symptom* 

3 07 * 231 

3 22 x 2 02 

0 793 

Years of asthma medtcaw 

1 67 x 1 99 

2 26 x 2 14 

0 279 

Hiness before ege 2* 

14M2 (33%) 

7/22(32%) 

0 762 

Ever hoepdahieo tor esrwna 

1/42 (29a) 

4/23 (6%) 

0O49 t 


* One *£>mi mmtmg rme tc n on Ooforo *9* 2 
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coefficients, subtracting I, and multiplying 
the result by 100. 

For the models shown in table 4, we esti* 
mated residual correlations between the log¬ 
arithms of lung functions for siblings seen 
in the same year as 0.35 for FVC, 0.25 for 
FEV,, and 0.19 for FEF„.„. Although these 
correlations are significant and were taken in¬ 
to account in the final models, we found the 
effect of ignoring the familial clustering to 
be minor on the estimates of other model 
parameters. 

Results 

A total of 602 subjects initially between 
5 and 9 yr of age contributed data to the 
analysis over the 13-yr periods These 602 
subjects included 346 index subjects and 
256 siblings from 334 families. An addi¬ 
tional 193 children in this age range were 
initially seen in Year 1 but contributed 
no data to the analyses. They represent¬ 
ed siblings of the index subjects who were 
not seen in Years 2 and 3 of follow-up 
and a small number of index subjects 
with missing data. The included and ex¬ 
cluded subjects are compared with re¬ 
spect to their baseline characteristics in 
table 1. No significant differences are ap¬ 
parent. Included subjects were on aver¬ 
age 6.9 yr of age at study onset, were over¬ 
whelmingly nonsmokers, and had nor¬ 
mal pulmonary function in the initial 
survey. 

At baseline male active asthmatic sub¬ 
jects had a significantly lower FEF 2 S -t» 
than male nonasthmatic subjects, and fe¬ 
male active asthmatic subjects had a sig¬ 
nificantly lower FEV, compared to fe¬ 
male nonasthmatic subjects (table 2). A 
preliminary analysis was performed to 
examine the average percentage of pre¬ 
dicted pulmonary function at baseline 
and over the 13-yr period for asthmatic 
and nonasthmatic subjects stratified by 
gender (table 2). When compared with 
nonasthmatic males, ever-asthmatic males 
had a 3% higher FVC, a 3% lower FEV,, 
and an 11% lower FEF„- n . Ever-asth- 
matie females when compared to non¬ 
asthmatic females, however, had no dif¬ 
ference in average percentage of predict¬ 
ed FVC but a 9% reduction in percentage 
of predicted FEV, and an 16% decrease 
in percentage of predicted FEF„.t». 

Male and femalb ever-asthmatic sub¬ 
jects were similar with regard to a num¬ 
ber of clinical characteristics (table 3). 
Females, however, were significantly more 
likely than males to have been hospital¬ 
ized for asthma. 

Male ever-asthmatic subjects did not 
differ from nonasthmatic males in the 
percentage of personal ever-smokers (5 


of 42, 12%, versus 23 of 277, 8%; p = 
0.556), lifetime number of cigarettes 
smoked (3.45 versus 3.45 pack-years; p = 
NS, not significant), or average number 
of years smoking (2.9S versus 2.91, p = 
0.794). The data for females are sugges¬ 
tive of a difference between ever-asth- 
matic and nonasthmatic subjects in the 


percentage of personal ever-smokers (9 
of 23, 39%, versus 54 of 260, 21 %; p = 
0.063) and the average lifetime number 
of years smoking (2.35 versus 2.98, p = 
0.062) but not in the average number of 
cigarettes smoked (3.20 versus 3 46 pack- 
years; p = 0.555). 

To evaluate the effect of the time- 
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TABLE 4 

SEX-SPECIFC EFFECTS OF ASTHMA ON CHANGE IN PULMONARY 
FUNCTION (FVC. FEV,. FEF^nJ AS ESTIMATED 
FROM AUTOREGRESSIVE MODELS* 


Mai* Female 


Male-Female 



Eftoct 

m 

p Vai6* 

Effect 

p Value 

Difference 

p Value 

FVC 

Actrv* asthma 

245 

0 002 

-0 76 

0 451 

3 21 

0 012 

inacnv* asthma 

070 

0308 

- 1 05 

0 437 

1 75 

0 246 

FEV. 

Actrv* asthma 

OtO 

0 896 

-212 

0034 

222 

0 077 

ir\*cirv* astnma 

0 13 

0 846 

-1 87 

0177 

200 

0191 


Act"** asthma 

-4 18 

0 003 

-575 

0 002 

1 57 

0482 

ihartrv* asmma 

-0S4 

0 666 

-288 

0 255 

234 

0 669 


'SMitntw >«r^nM *****d « m* mofli* Th* m**n *ft*ct Of aatnma tactiv* ana *n*ciiv*> •* 
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TABLE 5 


COMPARISON OF ESTIMATES FOR THE EFFECT OF ACTIVE ASTHMA 
FROM FIRST- AND SECOND-ORDER AUTOREGRESSIVE MODELS 


Pulmonary 

Fusion 

Model 

Males 

Famaies 

Estimate 

effecry 

p Value 

Estimate 
(* effect) 

p Value 

FVC 

F.rst order 

2 45 

0 002 

-076 

0 451 


Second order 

268 

0001 

-0 55 

0 618 

FEV. 

First order 

0 10 

0 896 

-2t2 

0 034 


Second order 

0 55 

0 497 

-1 73 

0 109 

FCFnn 

First order 

-4 18 

0003 

-5 75 

0 002 


Second order 

-2 29 

0 109 

-278 

0 ISO 


dependent variables, active and inactive 
asthma, with appropriate adjusunent for 
the longitudinal structure of the data, in¬ 
cluding baseline differences in lung func¬ 
tion, a first-order autoregressive model 
was used. Adjustment for height and 
growth velocity were accomplished by in¬ 
cluding height and change in height at 
each visit as independent variables in the 
regression model. Interaction terms be¬ 
tween sex and active and inactive asth¬ 
ma were used to assess sex-specific ef¬ 
fects. A random-effects approach was 
used to adjust for the residual correla¬ 
tion among siblings included in the same 
analysis. 

The final models for all three lung 
function measures included previous 
lung function, sex, height, change in 
height, age, and maternal and personal 
smoking as independent variables. For 
FEV, and FVC, sex-height and sex-age 
interactions were included because pre¬ 
liminary fits of the model showed those 
interactions to be statistically significant. 
Maternal smoking was included for FEV, 
and FEFm-m- A sex-growth interaction 
was included in the final model for 
FEF a s-,i, and a sex-previous lung func¬ 
tion interaction was included for FVC. 

The sex-specific effects of active and 
inactive asthma, expressed as a percent¬ 
age of the expected change in pulmonary 
function/year under the autoregressive 
mode! for children without asthma, hold¬ 
ing growth and pulmonary function in 
j the preceding year constant, are shown 
I in table 4. The effect of active asthma 
on FVC was positive and statistically sig¬ 
nificant for males after adjustment for 
all other covariates in the model! Active 
asthma was not a significant predictor 
of change in FEV! for males. In contrast, 
for females the effect of active asthma 
w as negative and statistically significant 
j for change in FEV, but not for change 
I in FVC. For change in FEF U . T $, the ef- 
I feet of active asthma was negative and 
!' statistically significant for both males 
I and females. Inactive asthma was not a 
significant predictor for change in any 
| measure of pulmonary function for ei¬ 
ther gender. The male-female difference 
1 c olumn of table 4 provides a p value for 
l he statistical significance of the differ¬ 
ence between the effects of asthma in 
^ales and females. Overall, the findings 
| [om the autoregressive models confirm 
Pattern observed in the preliminary 
| Rentage of predicted analyses. 

Substantial agreement is seen between 
. e ^ rs t- and second-order autoregres- 
1Vc models for the effect of active asth¬ 


ma (table 5). Examples of the sex-specific 
effects of asthma on lung function de¬ 
velopment implied by the final models 
for FVC and FEV, are provided graphi¬ 
cally in figures 1 and 2. Each figure shows 
the projected mean pulmonary function 
for ages 8 through 15 for children of the 
same sex who begin at age 7 with the same 
initial ievel of lung function and height 
and experience the same growth in height 
at subsequent ages. The initial height and 
lung functions are taken from the medi¬ 
ans in the population, as are the heights 
at each age Projections for FVC are 
shown m figure 1, and projections for 
FEV, are show n in figure 2. From the da¬ 
ta used to generate figure 2, we calculate 
that a female with a continuing history 
of asthma achieves only 95*7o of the FEV, 
by age 15. 

It is important to note that age of on¬ 
set of asthma is implicitly included in the 
autoregressive model. This is because ef¬ 
fects persist over time in the model, with 
the result that older ages of onset result 
in smaller net effects on lung function 
at later ages. 


DIscuuion 

Because of the potential importance of 
maximally attained level of FEV, as an 
indicator of future risk of chronic ob¬ 
structive lung disease (20), the most im¬ 
portant finding of this investigation is a 
deficit in change in FEV, for girls with 
a doctor's diagnosis of asthma and ac¬ 
tive wheezing symptoms. This deficit was 
less significant in female subjects with 
a past diagnosis of asthma but no active 
wheeze symptoms. The link between ac¬ 
tive asthma and lung function is less clear 
in male children. Males with active asth¬ 
ma had a greater change in forced vital 
capacity. However, both males and fe¬ 
males with active asthma had a reduced 
change in FEF 2S .„. It should be stressed 
that these children are a random popu¬ 
lation sample of the East Boston com¬ 
munity. The initially normal level of pul¬ 
monary function (table 3) is consistent 
with this. However, the observed effect 
should not be construed as not clinically 
or biologically significant. The deficit in 
growth in these mildly asthmatic subjects 
would place the FVC and FEF 25 - T5 results 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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for males and ihe FEV and FEF* s .t S 
results for females outside the 95 °7© con* 
fidence limits for normal change in 
growth of lung function in this random 
population sample. 

Few longitudinal studies of the effect 
of asthma on lung growth exist. The 
largest prospective study of the effect of 
asthma on lung growth in children was 
performed by Williams and McNicol in 
Australia (M, 21). A total of 378 asth¬ 
matic and 105 control subjects were ini¬ 
tially seen in 1964, again in 1967, and in 
1981; 14 yr later; 331 (88°fo) of the asth¬ 
matic and 72 (69°7o) of the control sub¬ 
jects were seen in the second follow-up. 
Subjects with current symptoms were 



o 



likely to have reduced levels of both FEV, 
and FEF 2 i-n. Martin and colleagues, 
analyzing a subgroup of this cohort, 
reported that those subjects with asth¬ 
ma that persisted from childhood were 
more likely to have both an elevated vi¬ 
tal capacity and total lung capacity than 
those with intermittent symptoms (2). 
They also noted that girls did less well 
during adolescence than, boys such that 
the gender ratio for severe disease was 
equal (4). Thus, their results are consis¬ 
tent with our observations. 

The crude analysis comparing average 
percentage of predicted lung function in 
ever-asthmatic subjects (table 2) pro¬ 
vides, for the most pan, slightly larger 


o j 



values for the differences bet ween groups 
than the longitudinal modeling analyses 
which consider active and inactive asth’ 
ma (table 4). This may be because the 
longitudinal modeling explicitly controls 
for baseline or initial lung function and 
growth, whereas the crude analysis does 
not. The congruence between the crude 
and the multivariate modeling confirms 
that these results are not an artefact of 
the modeling process. 

Asthma is more prevalent in boys than 
girls in both our cohort and the UiS. 
population (22). Lack of sex stratifica¬ 
tion, as in the study of Martin (2), would 
result in a balancing out of the male- 
female differences weighted toward the 
male (more prevalent effect). This tends 
to confirm the common clinical dictum 
from early investigators that childhood 
asthma has a relatively benign effect on 
lung function, particularly in boys (23). 
Our results for females suggest that this 
is not the case. The estimated deficit in 
FEV, for a female child with active asth¬ 
ma for 8 yr beginning at age 7 is 7®fo. This 
effect is substantially greater than the ef¬ 
fect of passive smoking previously ob¬ 
served in this cohort (8) and places this 
female child below the 95°^ confidence 
limits for normal growth in this popula¬ 
tion: This degree of decrement in FEV, 
may have important implications for the 
development of chronic lung disease in 
adulthood. The finding that.active wheeze 
symptoms (active asthma, tablte 4) were 
necessary for female asthmatic subjects 
to experience a reduction in lung func¬ 
tion is consistent with the concept that 
active airway inflammation is responsi¬ 
ble for the reduced level ofi pulmonary 
function and provides a useful clinical 
marker for disease seventy to assist 
clinicians. 

In addition to reduced change in FEV, 
and FEF^rs, female asthmatic subjects 
were more frequently hospitalized than 
the males (table 3) The association of 
hospitalization with asthma m female 
children is all the more striking given 
that, in this and other population studies 
of children, asthma was more common 
in males (24,25). This formulation is also 
consistent with epidemiologic data from 
other population-based studies suggest¬ 
ing more severe asthma in female adults 
(25-27). 

Mead used the term “dvvanapsis” to 
indicate nonisotropic tnonproporuon- 
ately equal) growth of airwavs and Iting 
parenchyma resulting in either a lung that 
is too large or airways that are too small! 
or both (28). To the extent that the 
FEFu-m reflects airways size and the 
FVC represents lung size, our data sup- 


i '■ 
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Fig 2 Protected FEV, tor female end maJe Subjects from ege 8 to age IS The shaded area represents confidence 
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asthma beginning at age 7 
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port the hypothesis that dysanapsis char- the longitudinal results of Sherrill and FEV/FVC.Theoneactiveasthmatic$ub- 

acterizes children with asthma. In a pri- coworkers (32). Despite the limitations ject who did not meet this definition had 

or investigation of 291 children from this in causal interpretation, the quantitative a borderline (%*?*) decrease. No inactive 

cohort with eucapneic hyperpnea using nature of our results and the described asthmatic subjects had a positive cold air 

subfreezing air as a test of bronchial re- patterns of change in pulmonary func- challenge test (14). These data tend to give 

sponsiveness, we demonstrated that chil- lion are of value to clinicians and inves- credibility to our definition of asthma 

dren with a decreased FEF„-t»/FVC ra- tigators interested in asthma. and to link a report of active asthma in 

tio were more likely to respond to bron- It is unlikely that maternal and per- this investigation with increased levels of 
chial challenge (29). In asthmatic males, sonal smoking account for the different bronchial responsiveness, 

dysanapsis may be attributable in pan effects of asthma on change in lung func- Simple differences in the prevalence of 

to an increased FVC. Thus, our results tion m males and females observed in our airway responsiveness and allergy (as 
are consistent with the hypothesis that study Males and females with asthma manifested by skin test reactivity) also 
mechanical factors (e.g. t dysanapsis) did not differ in percentage of smoking cannot explain our results. Increased air- 
rather than simply airway inflammation mothers from children without asthma, way responsiveness in populations tends 
are important in determining lung func- Asthmatic children were more likely to to parallel the prevalence of asthma and 
tion in asthmatic males. Thus as lungs report personally ever smoking than chil* hence is more common in males, espe- 
and airways grow, wheezing on a me- dren without asthma, but significantly dally at younger ages (39, 40). In chil- 
chanical basis (dysanapsis) may be less so only for females. In addition, the ef- dren and young adults (aged 5 to 24) in 
common. The relationship between dysa- feet of these variables was adjusted for our population, the prevalence of in- 
napsis and airway responsiveness is un- in the analysis. Finally, male and female creased airway responsiveness was simi- 
clear, however, and requires further asthmaiic subjects did not differ from lar in males and females (14). Males in 
investigation: their nonasthmatic same-sex counter- this and other populations are more likely 

Greaves and Colebatch (30) suggested pans in terms of amount and duration to manifest allergy as measured by skin 

a complementary hypothesis based on a of personal cigarette smoking. test reactivity (22, 26, 41). It is also un¬ 

study of 18 asthmatic subjects. Of the A self-report of a doctor’s diagnosis likely that ethnic or socioeconomic 
subjects 10 ! developed asthma in child- of asthma is a standard definition for differences between children in this co¬ 
hood (ail were males) and 8 developed asthma used in respiratory epidemiolo- hon can explain our results, since the co¬ 
asthma after age 18 (5 males and 3 fe- gy in the United States. It is based on hon is all white, predominantly Italian, 
males)i The male childhood asthmatic a standardized questionnaire (33), This and socioeconomically homogeneous. In 
subjects had an increased total lung ca- definition has been usedby the National addition, subjects come fromageograph- 
pacity (TLC); adult-onset asthmatic sub- Center for Health Statistics and other ically defined area of the city of Boston, 
jects had a normal TLC. Analysis of government agencies in surveys of the making differential effects of other fac- 
pressure-vol time curves revealed the male U.S. population. Indeed, our asthma tors, such as air pollution, unlikely. A 
childhood asthmatic patients to have prevalence figures are comparable to na- number of other variables differ between 
kings of greater distensibility but adult- tional data (12). Thus, our definition is males and females, such as height, change 
onset asthmatic patients had lungs of standard in epidemiology and is gener- in height (growth), and muscle strength, 
normal distensibility. Under their hy- alizable to other U.S. populations. Although these factors may be expected 

pothesis episodes of bronchospasm post- Diagnostic bias inherent in a doctor’s to contribute to the observed effects, 
natally could influence the growth pat- diagnosis of asthma is less of a problem height and growth were both accounted 

terns in childhood asthma. This hypoth- in children than in adults (34). However, for in the analysis. 

I esis also requires further evaluation. it is important to consider misclassifica- Prior analyses in this population 

Certain aspects of our study design tion of disease on our results. There is demonstrated the importance of acute 
and population must be noted. Firsu sub- a large body of data in both our own (11, lower respiratory illness (LR1) as a predie¬ 
jects initially were aged 5 to 9 at study 14) and other populations (35, 36) that tor of the occurrence of asthma (41,.42) 
onset and over half of our asthma sub- suggests that physicians tend to under- and as a predictor of reduced level of 
jects were diagnosed before study onset, diagnosis asthma. To the extent that this FEV t and FEF 2J . M and of longitudinal 
Martinez and coworkers noted, how- occurred in our study, the estimates of change in FEV, and FEF»-n (43). We 

I ever, abnormal lung function may ante- the effect of asthma on lung function are directly assessed the role of retrospective- 

I date and predict subjects at risk of wheez- likely to be conservative. ly collected respiratory illness data using 

l symptoms (31). Without information Current concepts of asthma as a dis- the illness before age 2 variable and found 
°n the pulmonary function of the cohort ease incorporate the notion of bronchial that this variable was not'a significant 
| from birth, it is difficult to be conclusive hyperresponsiveness (37). As alluded to predictor of longitudinal change in pul- 

i *boui whether our observed differences in Methods, we performed a cross-sec- monary function after inclusion of asth- 

\ * n patterns of lung growth for both male tional study to examine the prevalence ma in the model. These results are con- 

i and female asthmatic subjects are cause of bronchial hyper responsiveness to cold sistent with the results of Gold and co- 

0r consequence of a diagnosis of asth- air in a random subsample of this cohort workers (43). Whether these results are 

***** or both. Although male subjects with (14). In addition, results similar to those a function of recall bias, a strong causal 

j ^ckve asthma at entry had significantly presented here were obtained when we relationship between LR1 and asthma as 

Ower FEF 2WS and female subjects with examined airway responsiveness in this suggested by Sherman and colleagues 

^cti y c asthma at entry had significantly population (38). In this investigation, 11 (42), or other factors is unclear. The role 

. 0w *r FEV, (table 2), initial lung func- of 12 asthmatic subjects with any wheez- of prospectively collected LRI data on 
I ,0tl was controlled for in our regression ing in the current study year had in- asthma and lung function has been 
n *lysis and thus differences in this fac- creased bronchial responsiveness using a reported previously (43). However, 
j ./^unlikely to explS©bUffi®suhit|DF .drfOSf.relationship 
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tion requires prospectively collected da¬ 
ta from birth to age 5 yr, a time period 
that antedates the age of entry to this in¬ 
vestigation. Our analysis leaves unan¬ 
swered the mechanism by which asthma 
exerts these effects. It is hoped that on¬ 
going longitudinal studies will address 
these issues more completely. 

It is important to consider the impact 
of treatment on our results. On average, 
males and females did not differ in their 
duration of asthma treatment (table 3) 
but the duration of treatment was sub¬ 
stantially less than the duration of asth¬ 
ma symptoms (table 3). When treatment 
was included in the regression model, it 
was not a significant predictor for any 
of the indices of pulmonary function and 
asthma remained significant (results not 
shown). Nevertheless, these data do not 
directly address the important question 
of whether aggressive, sustained treat¬ 
ment of asthma in childhood can in¬ 
fluence the observed effects of asthma 
on lung function in children. 

In summary, this longitudinal analy¬ 
sis demonstrates male-female differences 
in the influence of asthma on change in 
lung function as represented by FVC, 
FEV lt and FEF»-t$. Asthma was more 
prevalent in males but more severe as 
measured by level of function and hos¬ 
pitalization in females in this cohort. 
Even in mild asthma with initially nor¬ 
mal pulmonary function, the growth pat¬ 
terns lie outside the 95®7o confidence 
limits of nonasthmatic children. Whether 
the effects of asthma on change in pul¬ 
monary function observed in this study 
are linked to the airway abnormalities or 
are linked in some more fundamental way 
to hormonal; nutritional, or other in¬ 
fluences on lung growth and maturation 
is unknown and unanswerable from the 
present analysis. Further research is 
necessary to determine the reasons for 
these differences and their implications 
for adult lung disease. 

References 

1. Kelly WJW, Hudson 1. Rawcs J, Phelen PD. 
Pain MCF, Oimxky A. Childhood asthma and adult 
lung function Am Rev Respir Dis 1988; 138:26-30. 

2. Martin AJ, landau LI, Phelan PD. Lung func¬ 
tion in young adults who had asthma in childhood. 
Am Rrv Respir Dis 1980; 122:609-16. 

3 Kelly WJW, Hudson 1. Phelan PD. Pain MCF. 
Olinsky A. Childhood asthma in adult life: a fur¬ 
ther study at 28 yean of age. Br Med 3 1987; 
294:1059-62. 

4. Martin AJ, McLennon LA, Landau LI, Phe- 
lan PD. The natural history of childhood asthma 
to adult life. Br Med J 1980; 2:1397-400. 
y Woolcock AJi Peat JR, Leeder SR. Blackburn 
CRB, eds. The development of lung function in 


Sydney school children: effects of respiratory ill¬ 
ness and smoking. Eur J Respir Dis 1984; 65<suppl. 
I32):l-137. 

6. Tager IB, Munoz A, Rosner R Weiss ST. Carey 
V. Spcizer FE. Effect of cigarette smoking on the 
pulmonary function of children and adolescents. 
Am Rev Respir Dis 1985; 131:752-9. 

7. Tager IB, Weiss ST. Rosner R Speizer FE. Ef¬ 
fect of parental cigarette smoking on the pultno- 
nary function of children. Am J Epidemiol 1979; 
110:15-26. 

8. Tager IB, Weiss ST, Munz A, Rosner R Speizer 
FE. Longitudinal study of the effects of maternal 
smoking on pulmonary function in children. N Engl 
J Med 1983, 309:699-703. 

9. O’Connor GT, Weiss ST. Tager IB. Speizer FE. 
The effect of passive smoking on pulmonary func¬ 
tion and nonspecific bronchial responsiveness in 
a population base sample of children and young 
adults. Am Rev Respir Dis 1987. 135:800-4. 

10. Murray AR Momson BJ. The effect of ciga¬ 
rette smoke from the mother on bronchial respon¬ 
siveness and sevem y of symptoms in children with 
asthma. J Allergy Clin Immunol 1986; 77:575-81. 

11. Weiss ST. Tager 1R Speizer FE. Rosner B Per¬ 
sistent wheeze: its relationship to respiratory ill¬ 
ness. cigarette smoking and level of pulmonary 
function in a population sample of children. Am 
Rev Respir Dis 1980; 122:697-70 

12. Recommended standardized procedures for 
National Heart and Lung Institute lung programs. 
Attachment to Report of a workshop on the 
epidemiology of respiratory disease*. Bethesda, 
MD: National Mean and Lung Institute. Septem¬ 
ber 1971. 

13. Epidemiology Standardization Project. 111. 
Recommended standardized procedures for pulmo¬ 
nary function testing. Am Rev Respir Dis 1978; 
118:55-88. 

14. Weiss ST. Tager IR Weiss JW; M unoz A Speiz¬ 
er FE, Ingram RH Jr. Airways responsiveness in 
a population sample of adults and children. Am 
Rev Respir Dis 1984. 129:898-902 

15. Dickman ML. Schmidt CD, Gardner RM. 
Sptrometnc standards for normal' children and 
adolescents (ages 5 years through 18 years). Am 
Rev Respir Dis 1971; 104 680-7 

16. StaiXact tm User Manual Cambridge, MA: 
Cytel Software Corporation; 1989 

17. Rosner R Munoz A. Tager IB, Spcizer FE, 
Weiss ST. The use of an autoregressive model for 
the analysis of longitudinal data in epidemiologic 
studies. Sui Med 1985 * 4 457-67, 

18. Munoz A Rosner R Carry V Regression anal¬ 
ysis in the presence of heterogenous imradass corre¬ 
lations- Biometrics 1986. 42 653-8 

19. Diggle PJ An approach to the analysis of 
repeated measurements Biometrics 1988: 44. 
959-71. 

20 Fletcher C. Peto R. Tinker C. Speizer FE. The 
natural history of chronic bronchitis and emphy¬ 
sema Oxford Oxford Press, 1976. 1-264. 

21. McNicol KN. W'dUams HE Spectrum of asth¬ 
ma m children 1 ClmicaJ and physiological com¬ 
ponents. Br Med J 197). 3 7-11 

22. US Departmcm of Health and Human Ser- 
vices, PHS Resources Administration. Prevalence 
of selected chronic respiratory conditions. United 
States. 1970. Vuai and health statistics series 10, 
No. 84, September 1973 

23. Bny GW' The asthmatic child. Arch Dis Child 
\m. 5:236-58 

24. Martinez FD. Antongnoni G. Marci F, ef al 
Parental smoking enhances bronchial responsive¬ 
ness in nine year-old children: Am Rev RespiT Dis 
1988. 138:518-23 

25. Peat JK. Bruton WJ, Salome CM. Woolcock 


AJ. Bronchial hyperresponsiveness in two popula. 
tionsof Australian school children. Ill Effect of 
exposure to environmental allergens. Clin Allergy 
1987; 17:291-300. 

26. Burrows R Bloom JW', Traver GA. Cline MG 
The course and prognosis of different forms of 
chronic airways obstruction in a sample for the 
general population. N Engl J Med 1987; 
317:1309-14. 

27: Dodge RR, Burrows R The prtvelance and 
incidence of asthma and asthma-like symptoms in 
a general population. Am Rev Respir Dis 1980; 
122:567-75. 

28. Mead J. Dysanapsis in normal lungs assessed 
by the relationship between maximal flow, static 
recoil, and vital capacity. Am Rev Respir Dis 1980; 
121:339-42. 

29. Tager IR Weiss ST, Munoz A. Welty C, Speizer 
FE. Determinants of response toeucapneic hyper¬ 
ventilation with cold air in a population based study: 
Am Rev Respir Dis 1986; 134:502-8. 

30. Greaves 1A, Colebatch HJH. Large lungs af¬ 
ter childhood asthma: a consequence of enlarged 
air spaces. Aust N Z J Med 1985; 15:427-34. 

31. Martinez FD, Morgan WJ, Wright AL, Hol- 
berg CJ, Taussig LM. Diminished lung function 
as a predisposing factor for wheezing respiratory 
illness in infants. N Engl J Med 1988; 319:1112-7: 

32. Sherrill D, Holberg CJ, Lebowitz MD. 
Differential rates of lung growth as measured lon¬ 
gitudinally by pulmonary function in children and 
adolescents. Pediatr Pultnonol 1990; B:145-54. 

33. Epidemiology Standardization Project II. 
Recommended respiratory disease questionnaires 
for use with adults and children in epidemiologic 
research. Am Rev Respir Dis 1978; 118:7^54. 

34. Samet J. Epidemiologic approaches for iden¬ 
tification of asthma. Chest 1987; 91:745-85. 

35. Speight ANP, Lee DA. Hey EN. Underdiag¬ 
nosis and undenreatmem of asthma in childhood. 
Br Med J 1983; 286:1253-6. 

36. Anderson HR, Bailey PA, Cooper JS. In¬ 
fluence of morbidity, illness labels and social, family 
and health service factors on drug treatment of 
childhood asthma. Lancet 1981; 2:1030-2. 

37. American College of Chest Physidans-Amer- 
ican Thoracic Society Joint Committee on Pulmo¬ 
nary Nomenclature. Pulmonary terms and symbols. 
Chest 1975; 67:583-93. 

38. Redline S, Tager IR Segal MR. Gold DR. 
Speizer FE, Weiss ST. The relationship between lon¬ 
gitudinal change in pulmonary function and non¬ 
specific airway responsiveness in a population based 
sample of children and young adults. Am Rev Respir 
Dis 1989; 140:179-84. 

39. Weiss St, O’Connor GT; Sparrow D. The role 
of allergy and airway responsiveness in the natural 
history of chronic airflow obstruction (CAO). In: 
Weiss ST, Sparrow D, eds. Airway responsiveness 
and atopy in the development of chronic lung dis¬ 
ease. Ntw YoTk: Raven Press, 1989; 195-6. 

40. Woolcock AJ, Peat JK. Epidemiology of bron¬ 
chial hyperresponsiveness. Clin Rev Allergy 1989; 
7-245-56. 

41. Weiss ST, Tager TR Munoz A. Speizer FE. 
The relationship of respiratory infections in early 
childhood to the occurrence ofi increased levels of 
bronchial responsiveness and atopy. Am Rev Respir 
Dis 1985; 131:573-8. 

42. Sherman CR Tosteson TD. Tager IR Speizer 
FE, Weiss ST. Early childhood predictors of asth¬ 
ma., Am J Epidemiol 1990; 132:83-95. 

43. Gold D, Tiger 1R Weiss ST, Tosteson T. Speizer 
FE. The relationship of acute respiratory illness to 
level and growth of lung function. Am Rev Respir 
Dis 1989; 140:877-84. 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 


2023510507 



2023510508 


& 


w 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 







Martinez, F.D., Wright, A.L., Holberg, C.J., Morgan, W.J., and 
Taussig, L.M., "Maternal Age as a Risk Factor for Wheezing Lower 
Respiratory Illnesses in the First Year of Life," American Journal 
of Epidemiology 136(10): 1258-1268, 1992. 

The authors of this study examined the incidence of lower 
respiratory tract illnesses during the first year of life in 1200 
infants in Tucson, Arizona. The authors reported that the incidence 
of wheezing LRIs increased significantly with decreasing maternal 
age, whereas the incidence of nonwheezing LRIs was independent of 
maternal age. Infants whose mothers were less than age 21 years 
had an odds ratio of 2.4 (95% Cl: 1.8-3.1) compared with infants 
whose mothers were over 30 years of age. Infants whose mothers 
were aged 21-25 had an odds ratio of 1.8 (95% Cl: 1.4-2.3) and 
infants whose mothers were 26-30 had a risk of 1.4 (95% Cl: 1.1- 
1.6). The authors conclude that "these results suggest that young 
motherhood is an important risk factor for wheezing lower 
respiratory tract illnesses during the first year of life." 
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Maternal Age as a Risk Factor tor Wheezing Lower 
Respiratory Illnesses in the First Year of Life 


Fernando D; Martinez,' 2 Anne ti. Wright,' 2 Catharine J. Holberg,’ Wayne J. Morgan, 2 
and Lynn M. Taussig 2 


Postneonatal mortality due to respiratory illnesses is known to be inversely related 
to maternal age, but the possible role of young motherhood as a risk factor for 
respiratory morbidity in infants has not been thoroughly explored. The authors studied 
the incidence:of lower respiratory tract illnesses during the first: year of life, as ascer¬ 
tained by health plan pediatricians, in over 1.200 infants enrolled at birthibetween 1980 
and 1984 in Tucson. Arizona. The incidence of wheezing lower respiratory tract illnesses 
increased significantly (p = 0.005) with decreasing maternal age, whereas the incidence 
of nonwheezing lower respiratory, tract illness was independent of: maternal age. A 
logistic regression was used to control for the effects of several known confounding 
factors. When compared with infants of mothers aged more than 30 years, adjusted 
odds ratios were 2.4 (95% confidence interval 1.8-3.1 );for infants whose mothers were 
fess than age 21 years (jp:< 0.0001), 1.8 (95% confidence interval 1.4-2.3) for infants 
whose mothers were aged 21^-25 (p < 0.0001); and 1.4: (95% confidence interval 1.1- 
1.6) for infants whose mothers were aged 26-30 (p < 0.001). These results suggest 
that young motherhood is an important risk factor for wheezing lower respiratory tract 
illhesses during the first year of life: Both:biological and social factors related to maternal 
age may explain these findings. Am J. Epidemiol T 992; 136:1258-68. 

bronchiolitis; maternal i age; men; women 


In. 1959, Morrison el al. ( I) reported that 
postneonatal mortality Tor “respiratory dis¬ 
eases" and: “accidents" (the latter including 
most cases of sudden, unexpected death) was 
highest among childremof mothers aged less 
than 20 years and lowest among those of 
mothers age 30 or more. These trends asso¬ 
ciated with maternal age were particularly 
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noticeable for deaths occurring between 4 
weeks and 6: months of age and w ere inde¬ 
pendent'of birth rank, social class, and re¬ 
gion of the country where the family lived 
(il). No such trends were observed for deaths 
due to:“congenital malformations." The au^- 
thors suggested that younger mothers may 
take less care during pregnancy and may 
provide poorer care for their infants in the 
postnatal! period. They speculated that real 
biological factors related to maternal age 
may also affect the infant's capacity to meet 
environmental stresses. 

Since that study was published, the possi¬ 
ble association of maternal age with infant 
mortality has been a subject of considerable 
scrutiny. A recent report by Friedc etiaU (2). 
based on over two million births, confirmed 
a significant inverse relation betweenimater¬ 
nal age (up to age 29 yearsfand postneonatal! 
mortality, independent of birth weight and 
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race. The causes for this increased risk for 
infanis of younger mothers have not been 
elucidated. Some authors stress tile possible 
role of biological factors, especially those 
affecting fetal development during preg¬ 
nancy (3), whereas others suggest that moth¬ 
ering skills and child-rearing practices may 
explain the reported associations (4). 

A better understanding of the factors that 
enhance postneonatal mortality among 
younger mothers could come from studying 
the relation between: maternal age and post- 
neonatal morbidity. Unfortunately, very few 
such studies are available. This is probably 
attributable to the difllcullics;in performing 
well-controlled longitudinal studies during 
infancy. Studies based on maternal ques¬ 
tionnaires. for example, may be biased by 
differences in illness and symptom reporting 
which are likely to occur among mothers of 
different levels of education. 

The aim of this report is to examine the 
relation between maternal age and respira¬ 
tory morbidity during the first year of life in 
a well-controlled, longitudinal study con¬ 
ducted in Tucson. Arizona. The Tucson 
Children's Respiratory Study (3. 6) has been! 
designed as a prospective investigation: of 
the risk factors for lower respiratory tract 
illnesses in infancy and their relation to 
chronic obstructive ainvay diseases later in 
life. Over 1.2Q0 infanis wore enrolled at 
birth, and accurate records of lower respira¬ 
tory tract illnesses occurring during infancy 
were kept by their pediatricians and study 


MATERIALS AND METHODS 

Detailed accounts of the study design, 
methods of enrollment, characteristics of the 
study subjects, and methods used to ascer¬ 
tain the presence of lower respiratory tract 
illnesses during infancy have been published 
previously (5. 6). The study nurses contacted 
alimoihers w-ho used the services of a health 
maintenance organization in Tucson. Ari¬ 
zona. who gave birth to a healthy baby dur¬ 
ing the enrollment period ('May 1980- 
October 1984) and w ho were in the hospital! 
on.days when the nurses were available (usu¬ 


ally 6 days a week). Healthy newborns were 
considered to be those who did not require 
oxygen for more than 6 hours after birth, 
had no major congenital anomalies, and had 
no symptomatic heart disease or severe sys¬ 
temic disease. A total of 1.246 infants (78 
percent of those contacted) were enrolled. 
Since most families have medical insurance 
available through their employer, the great 
majority of the population may be consid¬ 
ered middle class. Data on maternal age. 
maternal smoking habits, number of pre¬ 
vious births, maternal education, marital 
status, ethnic origin, and birth'weight were 
obtained at birth. 

For this analysis, mothers were divided 
into'five groups according to their age at the 
time of delivery: less than 21.21-25. 26-30. 
31-35. and more than 35 years. Initially, we 
intended to classify mothers in similar 5- 
yoar intervals, but starting with an age croup 
of less than 20 years, as reported by others 
(2). However, because our study was based 
on families who used a health maintenance 
organizationiand because very young moth¬ 
ers arc less likely to have this type of medical 
insurance, the number of mothers aged less 
than 20 was very small. This made results 
of risk analysis for this maternal age group 
quite unstable, particularly in stratified 
analysis. For this reason, children of mothers 
aged 20' years were added to the youngest 
maternal age group, and the classification' 
described above was chosen. Results showed 
the same trends and. when statistically sig¬ 
nificant. were so with either method. 

Motherswore classified as smokers if they 
reported smoking one or more cigarettes per 
day; Maternal education was classified as 
“high'* if the woman had completed more 
than 12 years of formal education and as 
"low" otherwise. Marital status were classi¬ 
fied as “unmarried" if mothers were single, 
separated, or divorced and as "married" oth¬ 
erwise. Children w f cre classified as "Anglo" 
if they had at least one w hite. nomMexican- 
American parent and as "Hispanic" if both 
parents defined themselves as being of 
Mcxican-American origin. The few subjects 
who belonged to other ethnic groups (n = 
55); were classified as "other." 
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?' Data on feeding patterns were obtained 

both prospectively from well baby visits and 
t retrospectively from questionnaires com- 

pleted by parents. Infants were classified as 
being breast-fed if they had received moth¬ 
er's milk (regardless of whether other foods 
were given) for at least 1 month. In addition, 
information on day care was elicited during 
the child's second yean and parents were 
asked if the infant had spent 9 or more hours 
a week in the company of other children. In 
the same questionnaire, parents were asked 
if the infant had had physician-diagnosed 
eczema during the first year of life. 

Total serum immunoglobulin E was mea¬ 
sured in cord blood for 1.081 infants (86.8 
percent): as described earlier (7). 

Lower respiratory tract illnesses 

Parents were instructed to take their child 
to their pediatrician if the child developed 
symptoms of lower respiratory illness (deep 
or "wet" chest cough, wheezing, hoarseness, 
stridor, or shortness of breath). To provide 
this service to its clients, the health mainte¬ 
nance organization charged them- only a 
minimal fee for each visit. At the time of the 
acute illness, the physicians completed a 
standardized form on the presence or ab¬ 
sence of a number of signs and symptoms. 
The study nurses, located in the pediatri¬ 
cian's offices, obtained additional historical 
information: cultures for viruses, myco¬ 
plasma. and chlamydia: and blood samples 
(6): Medical records were checked periodi¬ 
cally to ensure that most or all lower respL 
, ; ratory tract illhesses were included. For the 

purpose of this study, only the first lower 
* respiratory tract illness occurring during the 

first year of life was considered. Reports by 
j ! the pediatricians or by parents at the time 

}■ j| of the acute illness were used to classify 

• ; j lower respiratory tract illnesses as "\vheez : 

j ing" and "nonwheezing.” 

:: ; Only the 1.022 infants (82.0 percent) who 

remained under the care of the health main¬ 
tenance organization pediatricians for the 
entire first year of life have been included 
(6); Because selective withdrawal from the 
study could be a source of bias, all subjects 


who stopped using the health maintenance 
organization pediatricians were excluded, 
and this included infants, who had lower 
respiratory tract illnesses while still under 
their care. 

Data analysis 

The associations between maternal age 
and w heezing and nonwheezing lower respi¬ 
ratory tract illnesses were assessed for all 
infants at risk bivariately and after control¬ 
ling for potential confoundcrs. Odds ratios 
were used instead of ratios between inci¬ 
dences (or "relative risks”) to allow for com¬ 
parisons of results obtained from raw data 
analyses and those obtained from logistic 
regressions. Confidence intervals and statis¬ 
tical significance for trends in proportions 
were calculated by using the methods de¬ 
scribed by Rothman (8), A categorical logis¬ 
tic model was used to assess the independent 
effects of maternal age after simultaneously 
controlling for confoundcrs (8. 9). This tech* 
nique avoids a priori!assumptions about the 
form of the relation between independent 
and dependent variables. Relevant indepen¬ 
dent variables (be., maternal age and birth 
rank); were stratified, and each; stratum was 
then introduced as an independent regres¬ 
sion variable. The risk of having, lower re¬ 
spiratory tract illnesses in each stratum was 
compared with that of a predefined reference 
group, either the lowest or the highest for 
each variable: this baseline stratum has an 
odds ratio of unity. To assess linear trends 
for predictor variables, the logarithms of the 
odds ratios obtained from the logistic regres¬ 
sion were plotted against the different levels 
of the predictor variable. If the observed data 
points approached linearity, the weighted 
least squares regression technique proposed 
by Rothman (8) was applied, taking the 
inverse of the variance of the odds ratios as 
the weight for each data point (stratum). 
Values used in this regression for each ma¬ 
ternal age group were the mean age for that 
group. Likewise, the mean rank was used for 
infants born fourth or higher in rank. Be¬ 
cause the outcome was a ratio, confidence 
intervals around the regression line were 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 




anee 
j decL 
ower 
ndcr 


j; 

i! 

i 

h 

I 


i 


\ age 
espi- 
>r all 
nrolr 
alios 
inci- 
com- 
daiai 
gis:ic 

nions 
s dc- 
logis- 
:v'” n 


jt the 
ndenti 
epen- 
binh 

ni was 
G 2 XGS- 

n was 
‘fence 
si for 
.as an 
’.rends 
ofithe 
egres- 
levels 
d data 
ighied 
posed 
the 
•ios as 
Hum), 
It ma- 
>r that 
% 

iaence 

were 



CVJ S 
« CVJ _ 

~ o c 
c > 

CL ro 

O flj "D 
~ C -C 



always calculated using the logarithmic scale 
(8). Deviation from linearity was assessed by 
comparing goodness of fit x 2 for linear and 
nonlinear models, as previously described 
(9, 10). In all logistic analyses, factors that 
could potentially modify or confound the 
relation under study were included in the 
analysis regardless of their statistical'signifi¬ 
cance f8). All p values less than 0.05 were 
considered to be significant. 

The study was approved by the Human 
Subjects Committee of the University of 
Arizona. Informed consent was obtained 
from parents at the time of enrollment. 

RESULTS 

Comparison of infants who were followed 
for the first year of life with those withdraw n 
from the study showed some important dif¬ 
ferences between these two groups (table 1). 
Mothers of participants were significantly 
older and better educated than were mothers 
of nonparticipants. In addition. Anglo chil¬ 
dren were significantly more likely to be 
followed for the entire first year of life than 
were Hispanic children and those of other 
ethnic origins. Finally, children with three 
or more siblings were significantly more 
likely to be withdrawn from: the study than 
was the rest of the population: 

Tabic 2 shows the relation between ma¬ 
ternal age and other possible determinants 
of lower respiratory tract illnesses in the first 
year of life. Younger mothers tended to 
smoke more and to use day care facilities 
less for their children than did older moth¬ 
ers. although the associations did not reach 
statistical significance. They were also less 
likely to be Anglo or married, or to breast¬ 
feed than were older mothers. As expected, 
the proportion of mothers with more than 
12 years of education increased significantly 
w ith maternal age. as did mean birth weight 
and rank (sec below'). 

A total of 339 infants (33.2 percent) had 
lower respiratory’ tract illnesses during the 
first year of life. Information on symptoms 
during a lower respirator) tract illness was 
available for 285 infants (84.1 percent of all 
lower respiratory tract illnesses). Wheezing 
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TABLE 2. Relation between maternal age and other possible determinants of lower respiratory tract 
illnesses for 1,022 infants studied in Tucson, Arizona, 1980-1984 

Maternal 

Maternal age (years) ^afene°/ 
day) 

Marital 
status (% 
married) 

Day care 
use (T/o) 

Breast 
feeding {% 
breast-fed) 

Ethnicity 

Anglo Hispanic Other 

Maternal 
education (% 
<12 yea^s) 

Birin weight (Kg) i 
(mean ± 
standard error) 

<21 (n = 54} 24.1 

57.4 

29.2 

75:0 

77.8 18.5 

3:7 

81.5 

3.35 ± 0.06 

21-25(n = 302). 19:6 

92.6 

48.2 

77.9 

788 16.9 

4.3 

42.2 

3.40 ±0:03 

26-30 (n = 395) 17.7 

95:9 

49.5 

87 6 

84.6 11.9 

3.5 

22.8 

3.52 ± 0.02 

31-35 (n - 227) 13,7 

95.5 

47.7 

87.4 

84.6 11.9 

3.5 

15.9 

3 53 ± 0.03 

>35 (n = 44) 15.9 

93.0 

44.2 

811.8 

93,2 4.5 

2.3 

15.9 

3.54 ±0.07 

p value 0.30 1 

<0.0001 

0.12 

0.003 

0.30 


<0.0001 

0.002 
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FIGURE 1. Relation between incidence of lower respiratory tract illnesses (LRI) during the first year of life and 
maternal aoe in 1.022 infants in Tucson, Arizona, between 1980 and 1984 Numbers ot subjects for the five groups 
were. 54. 302. 395. 227. and 44 for infants of mothers aged less than 21,21^25. 26-30. 31-35, and greater than 
35. respectively: 
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during a lower respirator)’ tract illness was 
ascertained directly by the pediatrician dur¬ 
ing physical examination in over 90 percent 
(200 of 222) of cases. For the remaining 22 
lower respirator)' tract illnesses, wheezing 
was reported to the pediatricians by parents. 

There was a significant, inverse relation 
between incidence rate of lower respiratory 
tract illnesses in the first year of life and 
maternal age (figure 1: x : for trend = 5,5. p 
= 0:02)j A more detailed examination of 
figure 1 reveals that the incidence of nonr 
wheezing lower respiratory tract illnesses 
was not associated with maternal age: rates 
for children of mothers aged less than 21L 
21-25. 26-30, 31-35, and more than 35 
years were 3:7. 5.3. 7,3. 5.7. and 6.8 percent, 
respectively (x : for trend = 0.45. p = 0T). 
The association between lower respirator) 


tract illnesses and maternal age was mainly 
due to the significant decrease in incidence 
rate of wheezing lower respiratory tract ill¬ 
nesses with increasing maternal age. With 
children of mothers aged more than 35 years 
as the reference category, the risk of having 
a wheezing' lower respirator)' tract illness 
during the first year of life was 2.0 times 
higher among infants of! mothers agedi less 
than 21 years: 1.8 times higher among in¬ 
fants of mothers aged 21-25; and 1.5 limes 
higher among infants of mothers aged> 26- 
30. The odds ratio for infants of mothers 
aged 31-35 was only 1.03. A \ 2 for linear 
trend was. highly significant both when all 
five strata were included (x : - 7.6: p = 
0.006 ) und : when maternal age groups 31- 
35 years and more than 35 years were com¬ 
bined (\ : = 7.7; p = 0.005k For these rea* 


<21 

21-25 

26-30 

>30 
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<21 
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26-30 

>30 

Total 
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(mean ± 
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3.35 ± 0.06 
3.40 ± 0.03 

3.52 ± 0.02 

3.53 ± 0.03 
3.54.± 007 

1 0.002 
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sons, these two groups were merged in aili 
subsequent analyses. 

Trends for the incidence of wheezing; 
lower respiratory tract illhesses to increase 
with decreasing maternal age were seen for 
both sexes, but only reached! statistical sig¬ 
nificance in males (table 3): No significant 
relation was observed between incidence of 
non wheezi ng lower respiratory tract illnesses 
and muternal age for either sex (data not 
shown). 

The incidence rate of wheezing lower re¬ 
spiratory tract illnesses was linearly corre¬ 
lated with birth order of the proband (table 
4. lasicolumn: for trend = 5.8. p - 0 016). 
When compared with firstborn children, the 
risk of having a wheezing lower respiratory 
tract illness in the first year of life was 
1.2, 1.7. and 1.6 times higher for infants 
born, second: third, or fourth or higher in 
the family, respectively. However, not sur¬ 
prisingly. older mothers tended to have 
more children tliam did! younger mothers 
(Kendall's/for nonparametriccorrelation be¬ 


tween' birth rank and maternal age = 0:24. 
/> < O.OOOI ). Hence, we reexamined the re¬ 
lation of incidence of wheezing lower respin 
ratory tract illnesses to both maternal age 
and birth rank after stratification by the 
other variable (table 4).. (incidence of wheez¬ 
ing lower respiratory tract illnesses was as¬ 
sociated with maternal age within all four 
categories of birth rank, and the rank- 
adjusted x : for trend was 13.1, p = 0.0003. 
and! thus was stronger than that obtained 
using the raw data: incidence of wheezing 
lower respiratory tract illnesses was associ¬ 
ated with rank within all categories of ma¬ 
ternal age. except among children of moth¬ 
ers,aged greater than 30 years. After adjust¬ 
ment for maternal age. trend was 11.5 f p 
= 0.0007). which was alko stronger than that 
obtained from the raw data. 

Nonwheezing lower respiratory tract ill¬ 
nesses were unrelated to maternal age after 
maternal education and birth rank were con¬ 
trolled for. 

A. categorical logistic analysis (see Matc- 


TABLE 3. Incidence (%) of wheezing lower respiratory tract illnesses during the first year of life for 1 ;022 
infants by maternal age and sex, Tucson, Arizona, 1980-1984* 




Males 



Females 


Maternal age 
(Vears), 


Wheezing ;LRIs* 



Wheezing LRIS 


No, 

p 

va.ue 

Odds ratio! 

No. 

% p 
value 

Odds ratio 


<21 

27 

29.6 

2.5 

27 

25.9 

16 

21-25 

138 

29.0 

2.4 

164 

22 0 1 

1.3 

26-30 

205 

22.0 

1.6 

190 

22 1 

1,3 

>30 

130 

14 6 

1.0 

141 

17.7 

1.0 


0.004 0.29 


* LBl. id>wer respiratory tract illnesses 

t Odds ratios were calculated using infants whose mothers were >30 years old as reference. 


TABLE 4. Rate of wheezing lower respiratory tract illnesses (in %) during the first year of life for 1,022 
infants by maternal age and by birth rank, Tucson, Arizona* 1980-1984 


Maternal age 

(years)' 



Rank 



1 

2 

3 

>4 

Total 

<21 

25.0 (48)* 

50 JO (4) 

50.0 (2) 

0.0 (0)1 

27.8 (54) 

21-25 

20.7(164)i 

28,7(101) 

33.3 (30) 

42.9 (7)i 

25.2 (302) 

26-30 

16 0(189) 

24.1 (133) 

28.3 (53) 

40.0(20) 

22:0 (395) 

>30 

16.0 (81) 

12.7 (102) 

23.7 (59) 

13.8(29) 

16.2 (271) 

Total 

18 9 (482) 

22.4 (340) 

27 8(144) 

26 8(56) 

21.7(1.022) 


* Ndmoers in parentheses, numoenof subjects. 
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rials and Methods) was performed to assess 
whether other possible con founders could 
explain the relationi between maternal age 
and risk of having lower respirator)' tract 
illnesses. The following predictor variables 
were thus added to the model together with 
maternal age and birth rank: maternal edu¬ 
cation' (12 years or less or more than 12 
years): feeding practices (bottle-fed or breast¬ 
fed): birth weight: day care-(less- than# hours 
per week or more than 9 hours per week in 
the company of other children): marital i sta^ 
tus (married or unmarried): ethnicity (His¬ 
panic. Anglb. or other): sex: and maternal 
smoking (nonsmokcr or more than one cig¬ 
arette pen day). 

Figure 2 shows the odds ratios of having 
a wheezing lower respiratory tract illness for 
different maternal ages and the weighted, 
least squares linear regression fitted to the 
odds ratios. When compared with infants of 
mothers aged more than 30 years, adjusted 
odds ratios were 2:4 (95 percent confidence 
interval (.Cl)i f.S-.v If for infants whose 
mothers were less than age 21 years (/> < 
OlOOOl): l.S (95 percent C\ 11.4—2.3)iFor in¬ 
fants whose mothers were age 21-25 (p< 
0.0001): and 1.4 (95 percent Cl 1.1-1.6) for 
infants whose mothers were age 26-30 (/; < 


0.001). The same type of analysis was per¬ 
formed by using odds ratios for birth rank 
obtained!from the categorical logistic regres¬ 
sion. When compared with those for first¬ 
born children, odds ratios were 1.4 ((95 per¬ 
cent Cl 1 . 1 - 1 . 7) for infants bom second (p 
= 0 002): 1.8 (95 percent Cl 1.3-2.4) for 
those born third (/; < 0.001): and 2.2 (95 
percent Cl 1 . 5-3.3) for infants born, fourth 
or higher in rank (p < 0:001). In addition 
to maternal age and birth rank, the following 
variables were independent risk factors for 
wheezing lower respiratory tract illnesses: 
maternal smoking (odds ratio (OR) = 1.7. 
95 percent Cl 1.1-2.5, p = OlOl): use of day 
care facilities (OR = 1.4, 95 percent Cl 1.0- 
2.0, p = 0.02): being Hispanic (OR = 1.6. 
95 percent Cl 1.0-2.6. = 0.04): and being 

an unmarried mother (OR = 1.8. 95 percent 
Cl 1.0-3.2. p ~ 0.06). 

There was still no significant relation be¬ 
tween maternal age and risk: of having non- 
wheezing lower respiratory tract illnesses 
after addition of the above mentioned vari¬ 
ables to a logistic model. 

There was no significant relation between 
cord serum immunoglobulin E levels and 
either maternal age or birth rank. Likewise, 
the development of eczema during the first 



Maternal Age (years) 

FIGURE 2. Odds ratio of having wheezing lower respiratory illnesses by maternal i age after correction for other 
risk factors A total of 1,022 infants were studied between 1980 and 1984 iruTucson, Arizona. The solid line is a 
weighted, least squares linear regression model fitted to the togarmm of the odds ratios for each maternal age 
group (less than 21.,21^25. 26-30, and greater than 30 years, respectively^ Points, mean maternal age for each 
group; bars, 95°c confidence interval around the regression for each odds ratio. 
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year of life was not significantly associated 
with birth rank and! was not more likely to 
occur in infants of younger mothers. 

DISCUSSION 

In previous reports based on this popula¬ 
tion. we have shown that maternal smoking 
habits (11), room sharing and feeding prac¬ 
tices (12). cord' blood immunoglobulin E 
(13). and lung structure and function (14) 
are associated with the risk of developing 
lbwer respiratory tract illnesses (especially 
those associated with wheeze) duri ng the first 
year of life. In this study, we add to the 
above list' new. important risk factor: 
younger maternal age. The risk increased 
linearly with decreasing maternal age. but 
the association' was limited to wheezing 
lower respiratory tract illnesses: there was no 
relation' between maternal; age and non¬ 
wheezing lower respiratory tract illnesses. It 
was also stronger for males than for females. 

Our results suggest that factors directly or 
indirectly related to maternal age increase 
the susceptibility of infants to w heezing, but 
not to non wheezing respiratory illnesses. Be¬ 
cause a viral etiology was ascertained for the 
vast majority of these two types of illnesses 
(6), we hypothesize that such factors ought: 
not to be related to an increased general 
susceptibility to viral infection during the 
first year of life. If this were the case, we 
would 1 expect the incidence of both types of 
lower respiratory tract illnesses to be in¬ 
versely related to maternal age. This hvpotl> 
esis is further supported by our previous 
finding that: factors known to increase the 
risk for infection arc associated with an in¬ 
creased incidence of both wheezing and non¬ 
wheezing lower respiratory tract illnesses in 
the first year of life (12). Specifically, we 
reported that infants who slept in the same 
room with other people were at increased 
risk of developing lower respiratory tract 
illnesses during the first 4 months of life 
(12). Room sharing is likely to increase the 
risk of viral! respiratory infection in general, 
independent of the specific symptoms asso¬ 
ciated with it. 

Very few studies have addressed the rela¬ 


tion between maternal age and infant mor¬ 
bidity. Most studies have focused on infants 
of adolescent mothers, the prevalent idea' 
being that these infants have more health 
problems than do infants born to older 
mothers. (15h Outcome variables, for most' 
of these retrospective studies have been gen¬ 
eral! indices of disease frequency such as 
number of hospitalizations in the first 3 (16) 
or 5 years of life (17). This detracts from the 
possibility of comparing their results with 
those reported herein. A report by Ogston et 
al. (18) is the only longitudinal study of 
which we are aware that is comparable with 
ours. These authors obtained retrospective 
information from parents about “respiratory 
illnesses" (without' distinguishing between 
upper and lower respirator) illnesses) dhring 
the first year of life ini over 1.500 infants 
born to primigravidas in Dundee. Scotland. 
They found a significant inverse relation 
between maternal age and! incidence of re¬ 
spiratory illnesses during the first year of life, 
but the statistical significance disappeared 
after controlling for maternal smoking and 
other confounding factors. More recently. 
Schwartz et al. (il9) studied a large sample 
(over 4.500 subjects) of the US population 
between! the ages of 6 months:and 1 II years. 
They found a significant inverse relation 
between maternal age and! prevalence of 
physician-diagnosed asthma, as reported by 
parents. This relation was still significant 
after controlling for age. sex. race, and birthi 
weight. Prevalence of wheezing was also in¬ 
versely related (albeit not significantly) to 
maternal age (19), The authors also found 
that maternal age appeared to be a stronger 
predictor of asthma for hoys than for girls 
(19); much as we found that maternal age 
was a better predictor of wheezing lower 
respiratory tract illnesses in bovs than in 
girls. The relation between lower respiratory 
tract illnesses and' the development' of 
asthma is very complex, but our results and 
those of Schwartz et al. (19): would' indicate 
that young motherhood may be a common 
predisposing factor for both of these ill¬ 
nesses. 

This predisposition does not seem to be 
mediated by an,increased risk for developing 
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allergies early in life in children of younger 
mothers. We found no association between 
maternal age and either cord serum immu¬ 
noglobulin E levels or the risk of having 
eczema during the first year of life. Likewise, 
we were unable to confirm the finding by 
Strachan (20) that atopy (as assessed by cord 
serum immunoglobulin E levels or inci¬ 
dence of eczema in the first year of life) is 
more common in firstborn children. The 
different ages at which the subjects were 
studied and the different indices of atopy 
used in both studies may explain these dis¬ 
crepancies. 

It is reasonable to argue that maternal age 
may be a; pnoxy for some u nknown social 
factor that we may have failed to consider 
in our analyses. We did not adjust our results 
directly for an index of social clbss derived 
from paternal or maternal occupation be¬ 
cause it has been previously shown (21) that 
most of the variability im prevalence of re¬ 
spiratory diseases related to sociali factors is 
explained by level of education. More com¬ 
plex parameters of social level are highly 
correlated: withi the level: of education and 
add little in statistical power to the analyses. 
The underrepresentation! in our sample of 
infants from poorer backgrounds also argues 
against socioeconomic factors as am expla¬ 
nation for our findings. In addition, our 
results were independent of ethnicity, mari¬ 
tal status, feeding practices, and! maternal 
smoking habits, all of Which arc known to 
be related 1 to or to be determinants of socio¬ 
economic status. However, we cannot ex¬ 
clude the possibility that other social or en¬ 
vironmental conditions (such as nutrition, 
quality of the house, and health status of the 
mother, among others)i may have con¬ 
founded the associations reported herein. 

Perhaps more subtle aspects of the 
muterna 1 infant relationship are influenced 
by maternal age and may explain our lindf 
mgs. It has been suggested that younger 
mothers may provide a lower qpality of care 
for their children during early infancy than 
older mothers (1). Jones, et al. (22) found 
that younger mothers were less responsive 
than older mothers to their newborn infant's 
needs during the neonatal period. 


McAnarney ct al. (23) were unable to con¬ 
firm these findings, but. in a subsequent 
report, this group of researchers found that: 
younger maternal age was associated with 
tess favorable mothering behaviors when the 
infant was 9-12 months old (24). Interest¬ 
ingly, experimental studies have shown that 
mild stressful stimuli (such as subcutaneous 
injections of saline to suckling rats) may 
elicit long-term alterations in the mechanical 
characteristics of the lung (25). Younger 
mothers may also take less care of them¬ 
selves during pregnancy and may thus in¬ 
crease the level of stress of the fetus. Naeyc 
(3) suggested that the growth needs of young 
mothers may compete with the growth needs 
of their fetuses for available nutrients, and 
this may be a source of additional fetal stress. 
Fetal stress that persists for prolonged pe¬ 
riods of time is known to be associated with 
increased endogenous cortisol secretion (26), 
and prenatal administration of corticoster¬ 
oids has been shown to depress,lung growth 
(27). These hy pothetical pathogenetic mech¬ 
anisms relating maternal age to fetal and 
infanti stress and to lung development are 
relevant because we have shown previously 
that infants who subsequently had wheezing 
lower respiratory tract illnesses (but not 
those who only had nonwheezing lower re¬ 
spiratory tract illnesses) had diminished lung 
function Ibng before any lower respiratory 
tract illhcss developed (14). We suggested 
that smaller lungs and/or smaller airways 
could predispose to wheezing during respi¬ 
ratory tract infections. On reanalyzing those 
results, we found that size-adjusted maximal 
expiratory Hows al functional residual ca¬ 
pacity were significantly correlated with ma¬ 
ternal age in male (partial r— 0.28; />< 0.05) 
but not in female infants. There was no 
relation betweeni functional residual ca¬ 
pacity and maternal age (Fernando D. 
Manincz.University ofArizona.unpublished 
manuscript ). This finding is compatible with 
the stronger relation wc found between ma- 
ternallage and incidence of wheezing lower 
respiratory tract, illnesses in males (tabL 3)., 
It is,thus possible that factors associated with' 
younger maternal age may affect Ibng de¬ 
velopment in the children of younger moth¬ 
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ers and predispose them to develop broncho- 
obstructive illnesses during infancy. 

It is important to note that our results 
may have been influenced by potential 
sources of bias in our data. Infants who had 
respiratory troubles during the neonatal 
period that required supplemental oxygen 
administration for more than 6 hours were 
not enrolled in the study (5). However, since 
low-binlvweight infants and those with neo¬ 
natal complications are more often born to 
younger mothers (2) and are more apt to 
have respiratory infections during infancy 
(28). exclusion of these infants could 
perhaps decrease the significance of the 
reported findings. Likewise, because we lim¬ 
ited our population sample to newborns en¬ 
rolled in a health'maintenance organization, 
households of lower socioeconomic status 
arc probably underrepresented in our study: 
ifanvthmg, this makes it less likely that other 
socioeconomic factors, uncontrolled for in 
this study, may explain our results. There 
was a significant trend for younger mothers 
to stop using the study pediatricians more 
often than: older mothers. For this tendency 
to explain our results, however, a direct re¬ 
lation between maternal age and wheezing 
lower respiratory' tract illhesses, strong 
enough to reverse our findings, should be 
present among the minority of cases ex¬ 
cluded from the analysis. 

Finally, we need to consider the possibility 
that older mothers may be more experienced 
and thus less troubled by symptoms that' 
may frighten younger mothers and may in¬ 
duce the latter to take their children to the 
pediatrician for less important illnesses. If 
this were the case, however, one would 1 ex¬ 
pect the incidence of both wheezing and 
nonwheezing lower respiratory tract'illnesses 
to be inversely associated with muternaliage. 
and this was not apparent in our data. In 
addition, the known inverse relation be¬ 
tween maternal age and post neonatal mor¬ 
tality (2); would argue against overzealous¬ 
ness among younger mothers. In fact, some 
authors believe that young motherhood may 
be characterized by precisely opposite short¬ 
comings. iie., Idss ability to recognize serious 
illness and less access to medical care (1). 


Clearly, this issue requires further elucida¬ 
tion. However, it is safe to conclude from 
our data that infants of younger mothers 
may, be at increased risk of having acute 
obstructive respiratory illnesses .and that this 
may explain, at least in part, their higher 
postneonatal mortality rates. 

In summary, infants born to younger 
mothers were reported by their pediatricians 
to develop clinically important signs of 
bronchial obstruction during viral infections 
more often than did those of older mothers. 
This was in part due to the significant asso¬ 
ciation' between lower maternal age and 
prevalence of known risk factors for w heez¬ 
ing lower respiratory tract illnesses. How¬ 
ever. the association between maternal age 
and wheezing lower respiratory tract ill¬ 
nesses persisted after controlling for many 
of these known risk factors. A better! under¬ 
standing of the factors related to maternal 
age that predispose infants to develop wheez¬ 
ing lower respiratory tract illnesses may help 
in the prevention of this important cause of 
morbidity during the first year of life. 
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ABSTRACT. Sources of variation and some principal determinants of blood lead concentra¬ 
tion (PbB) were investigated in a cohort of children, followed to age 5 y, who were bom 
near a lead smefter in Port Pirie, South Australia. The child's age and place of residence 
were the two variables most strongly predictive of PbB. A sharp increase in PbB occurred 
between 6 and 15 mo of age and was followed by a peak concentration that occurred at ap¬ 
proximately 2 y of age, after which PbB steadily and consistently declined. Irrespective of 
age, the PbBs in children who lived in Port Pirie were significantly higher than levels iden¬ 
tified in children who resided outside the city. There was no significant difference in PbB 
between boys and girls. Elevated PbB at each specific age was associated mainly with in¬ 
creased lead concentrations in the topsoil of the local residential area, employment of the 
father in the lead industry, parental smoking, and behaviors likely to cause ingestion of 
dirt. Blood samples taken from children at certain ages and during the warmer months 
contained more lead than samples obtained during the cooler months. The effects of these 
determinants on PbB during early childhood were basically consistent in both single and 
multivariable analyses. 


THE ADVERSE EFFECTS of excessive lead exposure 
on the intellectual, cognitive, and behavioral develop¬ 
ment of young children have received increased atten- 


*Dr. Tong's current affiliation is with the Division of Human Nutri- 
tfon. Commonwealth Scientific and Industrial Research Organization , 
Adelaide, Australia . 
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tion during the past decade.' 5 Definitive evidence of 
neuropsycholbgical effects that result from exposure to 
low Ifevels of lead continues to be sought in prospective 
studies of child development. Some epidemiological 
studies have shown an inverse relationship between 
blood lead concentrations (PbBs) and early cognitive 
function, 4 " 7 and, therefore, the question of how ex¬ 
posure to environmental lead can be reduced in chil¬ 
dren has become a major public health concern. 

Many researchers have described the relationship be¬ 
tween PbBs and associated determinants.®" 10 Very lim¬ 
ited longitudinal data on the variations and deter¬ 
minants of PbB during early childhood are available. 
Most data available have been derived from cross- 
sectional surveys of school-age children and adults or 
from clinically based groups of young children. 

In 1979, the recruiting of pregnant women tor a pro¬ 
spective study of lead exposure and its relationship to 
pregnancy outcome and early childhood growth and 
development was initiated in the South Australia town 
of Port Pirie (population 16 000), which is 200 km north¬ 
west of Adelaide. The town is located immediately 
downwind from a large and longstanding lead-smelting 
facility. Although: emissions are now controlled tightly, 
past activities of! the smelter, the use of lead-bearing 
waste as landfill, and! unloading activities at the railhead 
have left the city with a legacy of extensive environ¬ 
mental contamination with lead, much of it finely par¬ 
ticulate and sufficiently mobile to be a problem in dust 
and topsoil. 

The Port Pirie Cohort study is concerned primarily 
with early childhood physical and neurobehavioral de¬ 
velopment and the relationship of cumulative lead ex¬ 
posure with each; The study, however, has highlighted 
the relationship between PbB and socioeconomic 
status, behavioral factors, and environmental circum¬ 
stances. Determinants of PbBs in the same cohort have 
alteady been described for children who are 2 y of age 
or younger"; this paper, therefore, extends the findings 
to age 5 y, i.e., just prior to attending school. 

Materials and methods 

Study population. The children in the cohort were 
born in the town of Port Pirie or in the surrounding 
rural area within a radius of approximately 30 km; the 
rural area included the townships of Laura, Crystal 
Brook, Port Broughton* and Gladstone. A total of 831 
pregnant women were enrolled in the study from May 
1979 to May 1981. This number accounted for an esti¬ 
mated 90% of all new pregnancies during this period. 
Seven hundred twenty-three of the 831 pregnancies 
were followed to single live births. The numbers of 
children who remained in the cohort were 646, 607, 
585, 556, 530, and 513, and their ages were 6, 15, 24, 
36, 48, and 60 mo, respectively. The majority (tie., ap¬ 
proximately 80%) of the children lost to follow up dur¬ 
ing the 5 y of postnatal study were in families that left 
the Port Pirie district; a few families discontinued par¬ 
ticipation. Additional information about the socio- 
demographic characteristics of the children who re¬ 
mained in the cohort and about those lost to follow up 
is available elsewhere.'* 


Data collection. Capillary blood samples tor meas¬ 
urement of PbBs were obtained under standardized 
conditions and rigorous procedures.' 5 Samples were 
collected from each child at 6, 15, 24. 36, 48, and 60 
mo of age. In a separate validation study conducted in 
a group of 47 Adelaide metropolitan children aged 2-4 
y, a close correlation (r - .97) was observed between 
lead concentrations obtained with capillary sampling 
and with simultaneous venous sampling.' 4 At the same 
time blood samples were collected* the norse-inter- 
viewer also conducted a structured! interview and ob¬ 
tained information on a range of demographic, behav¬ 
ioral, and environmental factors. 

Laboratory analysis. Measurements of PbBs were 
performed in the Department of Chemical Pathology at 
the Adelaide Centre for Women's and Children's 
Health (formerly the Adelaide Children's Hospital). 
Blood lead concentrations were measured by electro¬ 
thermal atomization atomic absorption spectrometry.' 5 
The blood lead assay performed in this cohort study 
was described previously and was subject to internal 
and external quality control procedures, and satisfac¬ 
tory results were obtained consistently. A certified! 
commercially prepared product was used to monitor 
intra-batch accuracy and to ensure uniformity between 
batches. External quality control, which entailed assay 
of regularly supplied samples, was maintained by the 
Standards Association of Australia and the international 
programs operated by the Health Department of Penn¬ 
sylvania (USA) and the Wolfson Research Laboratories 
(Birmingham, UK). Individual PbBs were adjusted to a 
packed cell volume of 35%. 

Soil and dust lead. Because the dust-hand-mouth 
route may be a predominant form of lead exposure 
during early childhood, the relationship between PbB 
and three local measures of dust in soil was examined. 
(1) A survey of lead in topsoil was conducted by the 
South Australian Health Commission;'® (2) lead in ceil¬ 
ing dust was surveyed by the Department of Environ¬ 
ment and Planning' 7 (ceiling dust was chosen because 
many houses are designed with an airflow through the 
roof space, and dusts collected between the ceiling 
rafters are generally representative of dusts deposited 
during the life of each house); and (3) lead in dust on 
window-sills' 7 was surveyed by the Department of Envi¬ 
ronment and Planning. 

In each survey, soil- or dust-lead values were aver¬ 
aged for 200-m 1 , an area that was defined by a rectang¬ 
ular grid drawn across the residential area of Port Pirie. 
The average for the appropriate area was then used as a 
covariate for all children who resided in that area. All 
three measures were strongly predictive of a child's 
PbB, but the Health Commission data were more ex¬ 
tensive than the others and were, therefore, chosen for 
all subsequent analyses (Fig. 1). It should be noted that 
sites sampled by the Health Commission were not ran- 
dom, but focused on homes of children who had unac¬ 
ceptably high PbBs. Thus, the reported concentrations 
may be overestimates of the general situation within 
Port Pirie, but the volume of data collected in this man* 
ner would have insured that the finali summary data 
closely approximated the true situation, and Figure 1 is 
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Fig. 1. Distribution of lead in the topsoils of Port Pirie. The grid lines are 400 m apart, 
and the outer limits of dense housing are indicated by, the continuous line. 
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remarkably similar to the maps published by the De¬ 
partment of Environmental Planning.' 7 Nevertheless, it 
was prudent to use the soil data in a categorized form, 
which avoided assumptions of curvilinearity and al¬ 
lowed inclusion of the children who lived outside Port 
Pirie and for whom there were no soil lead data. 

Analysis of lead concentrations in the samples col¬ 
lected by the Health Commission was conducted by 
flame atomic absorption spectrometry, for which the 
ethylenediamine tetraacetic acid (EDTA) extraction 
method was used.'* 

Other variables. Social status was quantified by a 
scale proposed by Daniel 19 and was based on the 
perceived prestige of the father's occupation. Paternal 
employment at the smelter was used as a separate vari¬ 
able. Parental smoking was defined as the number of 
parents who smoked (i.e., 0, 1, or 2). Behaviors likely 
to lead to ingestion of dirt included mouthing activity, 
eating dirt, and/or sucking fingers. Each behavior was 
categorized by reported frequency, i.e., often, a little, 
or never. Education, was estimated as the number of 
years the child's father/mother had attended secondary 
school. 

In the town of Port Pirie and its surrounding rural 
area, some families collect rainwater runoff from roof¬ 
tops and store it in tanks for drinking, cooking, or other 
domestic uses. This supply can. be contaminated by 
lead-containing dust; therefore, use of rainwater was 
employed as one of the variables that might influence a 
child's lead burden. 

Because exposure to environmental lead may vary 
during the seasons, a simple variable to indicate 
whether each child's birthday occurred in the warmer 
or cooler months of the year was also included: April— 
October were considered cooler months, and Novem- 
ber-March were the warmer months. 

Statistical analysis. Because blood lead concentra¬ 
tions are typically skewed, analysis was performed on 
the natural logarithm of PbB, and all means reported 
are geometric and not arithmetic. Multiple regression 
analyses were conducted in an attempt to construct an 
appropriate model to explain the variation in PbBs. Re¬ 
sidual analysis supported the regression model assump¬ 
tions of normality. 

The final results of the multiple regression analysis 
were reported as percentage differences. For example, 
if the estimate of the regression coefficient (of log PbB) 
for girls was -.057 relative to a value of 0 for boys, this 
would be equivalent to concluding that girls have a 

PbB that is 100[exp(-.057) - 1]-5.6% "above" 

(he., 5.6% below) that of their male counterparts, 
assuming values for all other independent variables re¬ 
main the same. 

Results 

Variations in geometric mean PbB with respect to 
age, gender, and location of residence are indicated in 
Figure 2. There was a considerable increase in PbB be¬ 
tween the ages of 6 and 15 mo, and the peak concen¬ 
tration observed (Port Pirie, 25.1 ^ig/dl; non-Port Pirie, 
17.4 pg/dl [conversion factor for SI units: 1.0 ymol/l - 



Girts - NP - 0 - Boys - NP 

Girls * PP -•- Boys - PP 


fig. 2. Geometric mean blood lead concentration, by age, sex, and 
location of residence. (PP » Port Pirie; NP - outside Port Pirie). 


20.7 pg/dl]) occurred at 2 y of age and was followed by 
a subsequent slow and steady decline at later ages. 
However, the mean PbB in children aged 5 y (Port 
Pirie, 18.6 pg/dl; non-Port Pirie, 11.5 pg/dl) remained 
significantly higher than the levels recorded at birth 
(Port Pirie, 9.4 fig/dl; non-Port Pirie, 5.7 ng/dl). 

The PbBs in children who lived in Port Pirie were 
considered higher (53.8%-68.5%) at all ages than in 
children who resided outside the city; the maximum 
difference occurred at 15 mo of age. At no age was 
there a statistically significant difference between boys 
and girls. 

There was an inverse gradient in geometric mean 
PbB (Table 1) as social status increased in each age 
group (p < .01). The PbBs in children whose parent(s) 
smoked tended to be 1.7-3.0 pg/dl (10%-19%) higher 
than in children whose parents did not smoke. Mouth¬ 
ing activities, eating dirt, and sucking fingers were 
associated with elevated PbBs. 

There was a strong relationship between a child's 
PbB and the father's employer. The PbBs of children 
whose fathers were employed in the smelter (17.2-25.4 
Mg/dl) were significantly higher than those of children 
whose fathers were employed elsewhere (10.6-20.9 
pg/dl). At each age there was a clear, positive gradient 
in mean PbB (11.1-28.3 pg/dl), relative to local soil lead 
concentrations. The gradients were stronger at age 
6-15 mo than at all subsequent ages. Each age-specific 
gradient in mean PbB "relative to," including lead- 
exposure employment of parent and topsoil lead levels, 
was highly statistically significant (p < .01). At each age 
the mean PbB was higher during the warmer months 
and lower in cooler months; this difference was statisti¬ 
cally significant at ages 6 mo (p - .057), 15 mo (p - 
.001), 36 mo (p - .005), and 48 mo (p - .036). 
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The results of multiple regression analysis (Table 2) 
showed that the associations between PbBs and topsoil 
lead levels, employment at the smelter, parental smok¬ 
ing, behaviors likely to cause ingestion of dirt, and sea¬ 
son remained statistically significant. Nevertheless, ap¬ 
parent effects of gender, work duration of mother, pa¬ 
rental secondary education and occupation, and rain¬ 
water use onimean PbB were not found in this multiple 
regression model. 

Discussion 

The results indicated that there was a significant in¬ 
crease in : either exposure to, or uptake of environmen¬ 
tal lead in: infancy. The peak mean PbB appeared to oc¬ 
cur at age 2 y, and there was a subsequent slight but 


steady decline thereafter. These findings corroborate 
the reports from several other community-based 
studies conducted in the United States and Europe, 
each of which showed a peak in mean PbB at 2-3 y of 
age. 2021 Although the Second National Health and 
Nutrition Examination Survey in the United States 22 and 
a few other studies 23-24 did not report a peak in mean 
PbB at this age exactly, it is apparent that the reported 
values in infancy were considerably higher than those 
recorded by their maternal age group and that a rise in 
PbB must have occurred soon after birth, when cord 
blood lead is quantitatively similar to maternal PbB. A 
definitive explanation for this phenomenon remains 
elusive, but it is likely to involve an enhanced ability to 
absorb lead and/or an increased ingestion of lead that 


Table 1.—Variations in Blood Lead Concentrations, by Gender, Season, Socioeconomic Status, Parental Smoking, Behaviors, 
Workplace of Father, and Topsoil Lead Levels 


Age (mo) 


Factors 

6 

in m 646) 

15 

(n - 607) 

24 

(n - 585) 

36 

(0 - 556) 

48 

in - 530) 

60 

(ft. - 513) 

Gender 







Male 

14.0 0.02) 

20.4 0.02) 

21.4(1.02) 

19.6 0.02) 

16.4(1,02) 

14.6 0.02) 

Female 

14.5 (1.02) 

21.1 0.02) 

20.8 (1.02) 

19.1 (1.02) 

16.4(1.02) 

14.3 0.03) 

Season 


• 


• 

t 


Warmer 

14.8 0.02) 

22.1 (1.02) 

21.3(1.02) 

20.2 (1.02) 

17.0 (1i03) 

14.7(1.03) 

Cooler 

13.9 0.02} 

19.9 (1.02)' 

21.0(1.02) 

18.7 (1.02) 

16,0 0,02) 

14.2 0.02) 

Socioeconomic status 

• 

• 

• 

• 

* 

•: 

Lowest 

17.2 0.07) 

24.0 0.08) 

24.7(1.08) 

21.9 0.08) 

19:5 0.07) 

18.1 0.07) 

Low 

16.6 0.03) 

25.2 (1.03) 

25.5 0.03) 

23.0 0.03) 

19.6 0.03) 

17.6 0.03) 

Middle 

14.2 (1.04) 

19.8 0.04) 

19.8 0.03) 

19.10.03) 

16.2 (1.03) 

14.0 0.03) 

High 

13.2 (1.03) 

19.3 0.03) 

19.8 0.03) 

17.9 (1.03) 

15.2(1.03) 

13.2 0.04) 

Highest 

12.3 0.04) 

18.2 (1.04) 

18.7(1.04) 

16.20.04} 

13.7 0,04) 

12.0(1.04) 

Parental smoking 

• 

• 

• 

• 

• 

• 

None 

13.5 0.03) 

19.0 0.03) 

19.4 0.02) 

17.8 0.02) 

15.1 0,03) 

13.4 0.03) 

One 

14.3 0.03) 

21.1 0.03) 1 

21.5 0.02) 

19.9(1.03) 

16.8 0.03) 

14.8 0.03) 

Both 

15.0 0.03) 

22.5 0.03) 

23.1 (1.03) 

21.10.03) 

18.4 (1.03) 

16 4(1.04) 

Mouthing activity 



• 

• 

• 

• 

No 

- 

20.5 0.06) 

19.9 0.02) 

18.6 0.02) 

16,0(1.02) 

14.2 0.02) 

Yes 

- 

20.8 0.02) 

22.0 0.02) 

21.0 0.03) 

18.2 0.04) 

15.8 0.06) 

Dirt eating 



f 

• 

• 


No 

- 

20.2 0.04) 

20.6 (1.02) 

18.8 (1.02) 

16.3 (1.02) 

14 4 (1.02) 

Yes 

- 

20.9 0.02) 

21.9 0.02) 

22.4 0.04) 

18.6 0.06) 

14 9 0.06) 

Finger sucking 



t 

t 

t 

• 

Never 

- 

20.8 0-02) 

20.6 0.02) 

18.8 (1.02) 

16.1 (1.02) 

14.0 0.02) 

Occasionally 

- 

21.2 0.03) 

22.1 (1.03) 

20.6 0.03) 

16.8(1.03) 

15.3 (1.03) 

Often 

- 

19.3 0.06) 

22.2 0.08) 

19.3 0.05) 

17.6 0.07) 

15.5 (1.10) 

Father's job 

• 

• 

• 

• 

• 

• 

Non-Port Pirie 

10.6 0.03) 

15.4 (1.03) 

16.4 0.03) 

15.3 0.02) 

12.9 0.03) 

11.1 0.03): 

Nonsmelter 

>4.5 0.02) 

20.9 0.03) 

20.6 0.03) 

19.4(1.03) 

17.2 (1-03) 

14.8 0.03) 

Smelter 

17.2 (1.02) 

25.3 0.02) 

25.4 (1.02) 

23.2 0.02) 

19.3 (1.02) 

17.70.02) 

Soil lead (ppm) 

• 

• 

» 

• 

• 

• 

NorvPort Pirie 

11.1 0.03) 

15.5 0.03) 

16.9 0-03) 

15.1 (1.02) 

13.00.03) 

11.1 0.03) 

< 500 

14.7 0.03) 

25.0 0-03) 

22.2 (1.03) 

21.2 (1.03) 

17.7 0.03) 

16.5 0.03) 

<1000 

15.8 0.03) 

23.5 0.03) 

23.3 0.03) 

21.7(1.03) 

18.4 0.03) 

16.5 0.03) 

> 1 000 

18.7 0.03) 

28.3 0.03) 

26.7(1.03} 

25.1 (1.03) 

22.0(1.03) 

18.8(1.04): 

No data* 

13.3 0.10) 

20.8 0.11)1 

19.9 0 .08) 

19.8 0.09) 

15.4 (1.13) 

13.0 0.17) 


Note: Geometric standard errors appear within parentheses. 

•p< .01. 
tp< .05 j 

^Number of children ior whom lead data were unavailable are 17, 20, 20; 16, 13, and 10 at the ages of 6, 15; 24, 36, 48, and 60 mo, respec¬ 
tively. 
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Table 2.—Relative Shifts (%) of Blood Lead Concentrations, Estimated by Multiple Regression Analyses 


Factors (reference) _ A 8* < mo > 


categories) 

Categories 

6 

15 

24 

36 

48 

60 

Demography 

Gender {males): 

Females 

- 2-6 

1.9 

-4.3 

-4.8 

1.4 

-5.6 

Secondary education (y) 

Father « 3): 

>3 

7.3 

-4.6 

-5.8 

-4.7 

-5.2 

1 -6.2 

Mother« 3) 

>3 

3.7 

-1.1 

0.2 

-2.0 

- 1l9 

4.1 

Socioeconomic status 

(Lowest) 

Lower 

-0.3 

2.1 

-7.5 

-11.2 

-10.3 

2.0 


Middle 

-0.3 

-4.4 

-21.3* 

-16.3 

-11.3 

-8.6 


Higher 

-8.7 

-1.0 

-17.0 

-16.0 

-13.6 

-8.2 


Highest 

-13.5 

-6.6 

-20.3* 

-22.7* 

-19.6 

-13.4 

j Occupation 

Mother (lower) 

Middle 

-10.8 

1,5 

3.7 

-6.7 

5.4 

-1.1 


Higher 

-0.4 

0.8 

-2.0 

-7.9 

-3.1 

-10.2 

Father (lower) 

Middle 

1.1 

-6.2 

1.3 

0.4 

-2.2 

1.9 

: 

Higher 

-3.4 

-7.5 

-0.9 

0.1 

-1.4 

-1.2 

Mothers working time 

(NO job) 

Short 

-12.0 

3.4 

0.3 

0.4 

3.0 

-3.4 

Middle 

27.6 

-1.3 

-4.4 

0.5 

-5.2 

-4.7 


Long 

-2.0 

5.1 

-3.2 

3.7 

-1.6 

-7.6 

Behavior 

Mouthing activity (no) 

Yes 

— 

4.7 

9.0* 

3.5 

2.5 

-0.1 

Dirt eating (no) 

Yes 

— 

10.9* 

-3.2 

9.9 

8.9 

-11.8 

Finger sucking (no)' 

Sometimes 

— 

-5.1 

8.8t 

1.3 

0.7 

6.6 

Environment 

Frequently 


2.4 

8.4 

7.3 

15.6* 

16.7* 

Season (warmer) 

Cooler 

-4.6 

-10.1* 

-4.2 

-7.5* 

-7.9* 

-6.2 

Father's employment 

(Non-Port Pirie) 

Nonsmelter 

26.lt 

14.9* 

17.4+ 

7.8 

19.9+ 

10.3 

1 

Smelter 

52.2t 

29.7t 

29.4+ 

21.7+ 

28.3+ 

23.1 + 

1 Parental smoking 

(None) 

One 

3.6 

5.8 

7.4* 

5.9 

8 2* 

4.9 


Both 

10.3 

9.6 

12.3+ 

9.6* 

17,4+ 

11.0* 

Rainwater use i 

Cooking (never) 

Sometimes 

-15.0 

-6.2 

1.8 

-3.2 

4.3 

-1.2 


Frequently 

-4.5 

-5.9 

0.8 

-5.0 

2.7 

-3.5 

Drinking (never) 

Sometimes 

14.6 

7.5 

3.0 

7.5 

-10.2 

8.1 


Frequently 

13.0 

-2.1 

-5.4 

-3.9 

-7.4 

-4 6 

Soil lead levels I 

(Non-Port Pirie) 

Lower 

5.2 

13.0* 

2.4 

13.0* 

7.5 

20.8+ 

i 

Middle 

18.6t 

29.3t 

13.3+ 

23.5+ 

18.4+! 

24.7+ 


Higher 

43.3t 

47.7+ 

25.0+ 

36.3+ 

32.3+1 

36.2+ 


•p < .05. 
tp < OIL 


results from various mouthing activities during early 
childhood development. Clinical studies have shown, 
with certainty, that approximately 40-50% of ingested 
lead is absorbed from the gastrointestinal tract during 
early childhood, whereas adults absorb only 5-10% in 
this manner.” 

Mean PbBs decreased significantly during ages 2-5 y. 
This probably was not a consequence of secular 
changes in the environment because a decrease has 
been generally observed in many of the studies men¬ 
tioned; also, there was limited evidence that a cohort 
effect was operating within Port Pirie when PbB-by-age 
profiles were constructed for each of the 3 y of recruit¬ 
ment (1979 to 1982). A more feasible explanation is in 
terms of those factors already invoked to explain the in¬ 


itial rise in PbB, e.g., decreased hand-to-mouth activity 
(associated with normal child development); this de¬ 
crease in activity leads to reduced ingestion of lead 
and/or a decrease in ability over time for the child to 
absorb ingested lead. 

The lack of a difference in mean PbB between pre¬ 
school girls and boys accords with other studies.” 27 Di¬ 
vergence of PbBs for boys from girls usually occurs at 
later ages (6 y to adolescence), and boys consistently 
record higher values for mean PbB than; girls. 22 - 2 * The 
definite mechanism for this occurrence remains un¬ 
clear. One explanation is the greater opportunity for 
boys to ingest lead from their environment because 
they usually play outside more often than do girls. 
Moreover, the blood lead measurements were not ad- 
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justed by packed cell: volume in these studies, and the 
differences could, therefore, be explained in part by 
the presence of a higher red cell or hemoglobin con¬ 
centrations in the boys during and after puberty. 

The results of analysis indicate that two variables are 
particularly conspicuous in their association with PbBs. 
There is a strong, positive gradient in percentage shifts 
of PbBs relative to local topsoil lead levels. The highest 
concentrations in PbB have been observed in children 
who lived in areas with the highest topsoil lead con¬ 
tent. This dose-response relationship is evidence for a 
direct effect of the lead, either in the topsoil or in the 
air, on body lead burden. It has been predicted else¬ 
where” that the estimated mean natural log-trans¬ 
formed PbB could increase by 0.231 pg/dl for each unit 
increase in natural log of the soil lead level.” Evidence 
that lead in household and play yard dust is a major 
source of childhood body lead burden has been ad¬ 
duced by other observers.” 30 

Employment of parents at the smelter was another 
variable significantly associated with higher PbB. Since 
1984-1985, employees have been provided with work 
clothes that do not have to be taken home and with 
showers. However, these changes occurred too late for 
their impact on PbBs to become apparent in this study. 
The persistence of this finding in the multiple regres¬ 
sion context' suggests that there is no strong confound¬ 
ing with other variables, e.g., place of residence or 
social status. 

There was a positive association between PbB in 
young children and parental smoking status, a finding 
that is in agreement with other studies. Sherlock et al. 31 
reported higher PbBs in children whose parent(s) 
smoked, compared with children who resided with 
nonsmoking parents, although the difference was not 
statistically significant. Furthermore, in a study of envi¬ 
ronmental exposure to lead and arsenic among chil¬ 
dren who lived near a glassworks, there were indica¬ 
tions that parental smoking habits had a significant ef¬ 
fect on PbB in childreni 33 Recently, Willers et al. 33 re¬ 
ported a significant association between higher PbBs in 
children and parental smoking, and the author ascrib¬ 
ed this result to the difference in home environment, 
family lifestyle, and small airways diseases that affect 
absorption of inhaled lead particles. 

It is difficult to conduct a quantitative assessment of 
children's behaviors, and the anticipated effects of be¬ 
havior on PbB have not, therefore, been observed in 
this study. However, there were some indications that 
PbBs in children are related to their behaviors, and sta¬ 
tistical significance was observed at some ages. The 
combination of mouthing activities, eating dirt, and 
sucking fingers supports the study by Chamey et al., 34 
who found that a group of 50 children who had high 
PbBs (40-79 pg/dl) played in outside soil, mouthed ob¬ 
jects, and sucked their fingers more often than a match¬ 
ed group (PbB, < 29 pg/dl). 

The mean PbB was influenced by the month in which 
the children were studied, i.e., peak in PbB during the 
summer, a finding that has been described by others in 
nontropical climates. 35 One possible explanation is the 
seasonal variation in the amount of lead exposure; 


most children spend more time playing outside in the 
summer than in winter, and the rain in winter may 
stabilize dust. 

The significant gradients in mean PbB in relation to 
mother's education, parental occupation, and use of 
rain water were no longer statfoically significant in 
multiple regression analysis. This suggests that these 
variables were at least partially confounded with other 
factors. For example, the association, between the PbB 
and use of rain water was obviously confounded by 
residential area. Outside Port Pirie, two-thirds of the 
children always use rain water for drinking and in 
prepared foods, whereas one-third of the children used 
little or no rain water at all. However, the situation was 
exactly the reverse in Port Pirie. 

It is cautioned, however, that the assessment of varia¬ 
tion in PbB depends on an understanding of the envi¬ 
ronmental sources of lead and the means by which 
lead enters the body. Young children are particularly 
likely to have many sources of lead exposure from air, 
food paint, dust, and dirt. The use of a 16-variable 
model explained 36.3% (at 36 mo) or less (at other 
ages) of the variation in PbB during early childhood, 
and other factors associated with changes in PbB al¬ 
most certainly remain to be identified. Although many 
of the houses in Port Pirie are more than 50 y old and 
contain leaded paints, scanning electron microscopy of 
samples of household dusts 36 revealed that the absolute 
quantity of paint flakes present in the dust samples was 
very low and that the total lead levels in the dust were 
not correlated with measured paint contamination. 
Moreover, no correlation between lead-based paints 
and PbBs of children was observed, and Body 36 con¬ 
cluded that unless the individual child exhibited pica, 
leaded paints were unlikely to contribute to elevated 
PbBs. 37 Hence, incorporation of paint data in this analy¬ 
sis is unlikely to explain significantly more variation in 
PbB. Subsequent to the smelter's commission of a 
205-m stack in 1979 (just prior to the first recruitment of 
pregnant women for this study), fugitive lead emissions 
from the smelter have been low. 38 The general level of 
total suspended particulate lead in Port Pirie was ap¬ 
proximately 0.43 fig/m’ in 1984, which is well below 
the Australian National Health and Medical Research 
Council's criterion that "the maximum permissible 
level of lead in air in the urban environment should be 
1.5 micrograms per cubic metre averaged over 3 calen¬ 
dar months." Data on airborne lead were not suffi¬ 
ciently widespread to enable construction of contours 
of average exposure throughout the residential: area for 
inclusion in this analysis. 
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The authors of this study examined data in order to provide 
pertinent information on infectious diseases and injuries in child 
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The authors reported that "compared with preschool-aged children 
reared at home, among children in day care the risk of some 
infectious diseases was two to four times greater." The rates of 
both intentional and unintentional injuries were somewhat lower 
for daycare children than for children at home. The authors 
concluded that "because preschool children spend increasing time in 
structured day-care settings, the risk for some infectious diseases 
has increased" and that "at the same time, child day-care settings 
present opportunities for ensuring healthier children through 
enhanced development, safer environments, better nutrition, 
increased vaccination coverage, and health promotion." 
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Infectious Diseases and Injuries 
in Child Day Care 

Opportunities for Healthier Children 

Stephen B. Thacker, MD, MSc; David G. Addiss. MD; Richaro ~ Soodma'' MD 
BaroaraiR. Holloway, MPH; HarnsoniC. Spencer..MD 


Objective.— To provide pertinent background information on iraztious diseases 
and injury in child day care and outline measures to address rase health care 
needs. 

Design.—We reviewed published English-language literature centifred through 
a MEDLINE bibliographic search, majpr literature summaries, a* : cibliogracnies 
from identified articles. 

Setting. —Child day-care settings reviewed included family c“ d care hemes 
centers, special facilities for ill children, and facilities for children wr special needs 

Patients or Other Participants. —Primarily children in a varier. :f day-care se: 
tings, often compared with children cared for at home. 

Main Outcomes. —The occurrence of outbreaks and illness rea:ed to infecnou • 
disease and injury; 

Results.— Compared with preschool-aged children reared a: home, amons 
children in dUy care the risk of some infectious diseases was >o to four times 
greater. Rates of both intentional and unintentional injuries in day-care settings were 
somewhat lower than those for children cared for at home. 

Conclusions.— Because preschool-aged children spend in:-easing time in 
structured day-care settings, the risk for some infectious diseases has increased. 
At the same time, child day-care settings present opportunities fc* ensuring health¬ 
ier children through enhanced development, safer environments oetter nutrition, 
increased vaccination coverage, and health promotion. 

U A.'.;.-. 1992^>6S:172C-1T26) 


RECENT major social and demographic 
trends have radically altered the struc¬ 
ture and function of families in the 
United States. These trends include the 
increasing participation of women in the 


From the Epidemiology Program Office (Drs Thacker: 
and Goodman anc Mt Holloway} and the National 
Center to'- Infectious Diseases (Dr Addiss). Centers for 
Disease Contra. Atlanta Ga. and the School .'of Public 
Health and Tropical Medicine, Tulane Univrsiry. New 1 
Oneans. La (D: Spencer). 

Reprint:requests to Epidemiology Program Office. 
Centers for Disease Control. 1600 Clifton Ra NE. 
Atlanta, GA 30333 (Dr Thacker)., 


paid work force, risir.z proportions of 
single-parent families, and more chil¬ 
dren living in poverty One consequence 
of these trends has been a dramatic 
change in child-rearjvg arrangements 
for young children zzd an intensified 
need for child dky,-care services. 1 About 
90% of families with tresohool children 
use full- or part-time ±ild day-care ser¬ 
vices. 

As the need for c:£d day-care ser¬ 
vices has risen, natirr.ai attention has 
focused on quantity, availability, and 
costs associated with these services. At 


the same time, however, issues of qual¬ 
ity of care—particularly those involving 
health and safety—have not been ad¬ 
dressed adequately. For example, al¬ 
though children can be exposed to un¬ 
necessary health or safety risks while in 
child day, care, efforts to develop pre¬ 
vention measures have been constrained 
by limitations in scientific data on the 
efficacy,, practicality, and cost-effective¬ 
ness of alternative strategies. 

In this article, we review existing 
knowledge of two public health issues in 
child day care—infectious disease and 
injury. This article provides pertinent 
background' information on infectious 
diseases and injury in child day care, 
summarizes basic information about 
these issues, and outlines measures to 
address these health needs. 

BACKGROUND 

Changes in Demographics and 

Child Day-Care Patterns 

In 1988,60% of children o years of age 
and Under (13:3 million children) received 
child day care. 2 Of these, more than 60% 
were eared for outside the home, 32.6% 
in home day care and 31.2% in day-care 
centers or preschools. More than 80% of 
the women who work are of childbear¬ 
ing age, and over 90% of these women 
will become pregnant during the years 
they are employed outside the home. 
Since 1970, the proportion of working 
mothers of children under 5 years of age 
has risen i from approximately 30% to 
60%. l<2 The fastest-growing subgroup of 
working mothers includes those with 
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children under 1 year of age, of whom 
over 40% are employed. 5 This trend is 
likely to continue: by the year2000, more 
than 75% of mothers with children 5 
years of age or under are likely to be 
working outside the home. Even among 
children of mothers not currently em¬ 
ployed, more than one third had been in 
a child day-care setting at some time. 2 

Since mothers of preschool-aged chil¬ 
dren are the fastest-growing segment of 
the labor force, both the public and pri¬ 
vate sectors have begun to address the 
unique work and family issues that con- 
cem employers and employees. Ih par¬ 
ticular. the types of child day-care ar¬ 
rangements have proliferated, including 
those sponsored by corporations, hospi¬ 
tals, and government agencies. The vari¬ 
ety of child day-care sendees now ranges 
from unregulated in-home child care to li¬ 
censed child iday-care centers (Table l). 4 

Many companies consider the provi¬ 
sion of childrcare benefits as an approach 
to reducing absenteeism and tardiness, 
decreasing turnover, and enhancing re¬ 
cruitment, morale, and! productivity. 5 
Employee concerns have increasingly 
prompted businesses to explore child¬ 
care information and referral sendees, 
family day care, sick-child care, and be¬ 
fore- and after-school programs. 

Table 1 —Types of'Child Day-Care Settings* 


• Small family child-care home refers to a private 
family home in wnicn children receive care \ including 
presenooi-aged children ot the caregivert. Most stave 
licensing codes limit .these to a maximum of six chil¬ 
dren. and usually, licensing is not required 

• Large family,child-care home usually otters care in 
a private home serving .seven 10 12 children (includ¬ 
ing preschool-aged children of the caregiver) and 
employs oualified adults. Depending on the state, li¬ 
censing may or may not be required. 

• Centers are licensed facilities, usually canng lor 13 
or more children lor full days or pans of days. 

• Special, facilities for ill children care oniy for sick 
children., 

• Facilities for children with special needs usually 
otter care and education lor one or more cnrldfen with 
disabilities or chronic illness requinng special surr 
veil lance or intervention. 


"Adapted from National Health and Safety Perfor¬ 
mance Standards: Guidelines tor Out-of-Home Child 
Care Programs* 


Costs of Child Day Care 

Child day-care costs continue to es¬ 
calate and now average $3000 per child 
per year (range, $1500 to $15000). 6 - 7 In 
the United States, 10% of gross income 
for a family is expended on child day 
care; a lbw-income family may expend 
up to one third of its gross income on 
child care. 8 Given these costs, it is not 
surprising that children with annual fam¬ 
ily incomes of $40 000 or more were more 
likely than children wdth family incomes 
less than $10000 to ever have received 
child day care (79% vs 48%). 2 

In addition to costs for routine child 
d&y care, each parent may be absent 
from 1 to 4 weeks annually to care for a 
sick child; 9 " 11 Over 60% of employee ab¬ 
senteeism in the workplace may be re¬ 
lated to unmet child-care needs, partic¬ 
ularly those of sick children; in 1980, 
472.1 million days of: absenteeism were 
accounted for by illness or injury. 12 By 
valuing each day at minimum wage, in 
1980. the economic impact of absentee¬ 
ism associated with illness or injur}’ in 
a child was $12.7 billion. Because many 
employers do>not routinely grant leave 
to care for sick children; employees com¬ 
monly offer other reasons for absentee¬ 
ism or may use sick days or vacation 
days to care for their children. 5 Women 
report two to three times more hours of 
work lost than men because of family 
members’ illness. 1012 At the same time, 
the availability of child day care enables 
many parents to work, enhancing fam¬ 
ily income. 14 

Methodoiogic Concerns 

The studies summarized in this arti¬ 
cle are subject to two limitations. First, 
because child day-care sendees in the 
United States are diverse and evolving 
rapidly, the results may not be gener- 
alizable to day care under different reg¬ 
ulatory, enforcement, cultural, or social 
conditions. Second, in dky-care settings 
having routine surveillance, case ascer¬ 


tainment may be enhanced relative to 
other settings, resulting in inflated risk 
estimates. 

INFECTIOUS DISEASES 
IN CHILD DAYCARE 

Children who attend day care are at 
risk for a variety of infectious diseases. 
For some of these diseases, characteris¬ 
tics of child day-care settings may 
facilitate transmission of the causative 
agent(s), increasing the risk that children, 
members of their households, and day¬ 
care staff will become infected. Most of 
these infectious diseases are mild and self- 
limiting; however, because they can 
spread to staff and household members, 
they may result in loss of work and in¬ 
come. The section below outlines basic 
considerations regarding the transmis¬ 
sion of infectious diseases in child day 
care, then characterizes these problems in 
terms of modfes of disease transmission. 

Factors Associated With 
Transmission of Infectious Diseases 

At least four host- and environment- 
related factors contribute to person-to- 
person or airborne transmission of in¬ 
fectious diseases in child day care: 

1. Large numbers of children may be 
in. close and: direct physical contact. 

2. Infants and young toddlers often 
have poor personal hygiene, are incon¬ 
tinent of feces, and frequently plkee their 
hands and other objects in their mouths. 

3. Young children are susceptible to 
a variety of infectious organisms. 

4. With many of the diseases caused 
by these organisms, infected children 
may be highly contagious before the on¬ 
set of symptoms, while other problems 
(eg. hepatitis A and giardiasis) may not 
be detected because infected children 
remain asymptomatic. 

The risk of transmission of infectious 
diseases in child: day-care settings also 
may be increased by suboptimaf infec¬ 
tion-control practices that reflect limi¬ 
tations in staff capabilities and/or facil- 


Table 2 — Evidence for the Association Between Various Diseases Transmitted by the Fecal-Oral Route and Attendance at Day-Gare Centers in the United States" 



Outbreaks ot Illness 

Incidence ot Mines*, 
per Child-Year 

Prevalence of 
Infection, % 

Estimates of: 
Risk Relative to 
Care at Home 

Disease/Organism 

1 No. 

“ 1 

Attack Rate. % 

Acute diarrhea 
(unspecified cause) 

>100 

<10-100 

0.4-4.2 


1.6-3.5 

Giardia lamOha 

>25 

17-54 

0.2-0.4t 

7.2-26-0 

1.8-12.BT 

Cryptosporidium 

11 

17-64 


0-27 


Shigella 

14 

25-73 



Elevaied 

Salmonella 

2 

23-70 




Hepatitis A 

>100 

1-8 



Elevated 

Escherichia coir 

3 

34-56 




Clostridium difficile 

1 

32 




Rotawrus 

15 

44-100 

0.2-0.6t 

12.4 


•Among children aged 0 through 36 months. References are available from the authors on request Ellipses indicate data not available, 
tRefers to infection rather than illness. 
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Sties. For example, many day-care cen¬ 
ters are not equipped or staffed to care 
effectively for mildly ill children. These 
constraints may be compounded by, un¬ 
derstaffing, low pay for child-care pro¬ 
viders, high rates of staff turnover, and 
lack of adequate training in infection' 
control. 

Characterizing the Occurrence 
of Infectious Diseases 

In this section, characterization of the 
occurrence of infectious diseases in child 
day care is based on information and 
data reported from a variety of sources. 
For example, investigations of outbreaks 
in child day-care settings have docu¬ 
mented the occurrence of some infec¬ 
tious diseases, while descriptive and 
long-term epidemiologic studies in these 
settings have provided estimates of the 
incidence or prevalence of certain dis¬ 
eases. In'general however, these stud¬ 
ies have not established estimates of the 
relative frequency or risk of infectious 
diseases -among children in day care com+ 
pared with children cared'for at home. 
Such estimates have been provided bv 
community-based comparative studies 
using case-control cross-section..:, or 
prospective methodologies. Ah.tough 
these studies have been iimited ir. scope 
and design, they have provided :h • most 
useful data on risk of infection r dis¬ 
ease in dky-care centers in com? ;.rison. 
with other child-care settings. 

In this summary, infectious di eases 
in child day care are grouped b; three 
principalmodes of transmission:. I) per¬ 
son-to-person spread'by the fecal-oral 
route: (2) 1 person-to-person spread by 
contact with skin, excretions, or bodily 
fluids: and (3) transmission by aerosols 
or respiratory droplets. In the United 
States, few common-source food-borne 
or waterborne outbreaks nave been doc¬ 
umented in child day care. 

Person-to-Person Spread 

Fecal-Oral Transmission.—Infec¬ 
tious agents transmitted by the fecal- 
oral route have caused cases of both 
sporadic andbutbreak-related illness in 
day-care settings. These agents include 
parasites (eg, Giardia Lamblia and 
Cryptosporidium species), bacteria (eg, 
Shigella, Salmonella , and Campylobac¬ 
ter species and Escherichia coli)i and 
viruses (eg, hepatitis A virus and rota¬ 
virus), 15 * 16 Reports published since the 
1970s have helped to characterize the 
impact of these agents in outbreaks oc¬ 
curring in child day care and to compare 
the occurrence of the most common en¬ 
teric infections among children in day 
care with the occurrence among chil¬ 
dren cared for at home. 

Data from studies in Houston, Tex, 


indicate that an average of 1:4 to 3.0 
outbreaks of diarrhea occur in day-care 
centers each year. 15 * 17 Among children 
attending day care, the estimated inei* 
dence of diarrhea ranges from 0.4 to 4.2 
episodes per child-year (Table 2). 1S " 21 
Comparative studies , indicate that this 
risk is approximately 1.6 to 3.5 times 
higher than for children who receive care 
at home. 20 * 2223 However, for children who 
are cared for in homes other than their 
own, this risk is nearly equal to that of 
children cared for at home. For some 
agents (eg, Shigella and Giardia spe¬ 
cies and hepatitis A virus), secondary 
spread occurs commonly to household 
members and community contacts of 
children who attend dhy care. 24 ' 23 

At least three conditions increase the 
risk for diarrheal illness among children 
attending day-care centers. First, chil¬ 
dren are at greatest risk just after ad¬ 
mission to a day-care center. 21 - 29 Second, 
diarrheal illness may be more common 
in centers that care for children who are 
not' toilet-trained or who are less than 
2 years of age. Third, children may be at 
increased risk if they attend a day-care 
facility in which the same staff pe:*son 
both changes diapers and prepares meals 
or where diapering or hand-washing 
practices are not optimal In contrast, 
findings from previous studies are in+ 
consistent regarding the role of center 
size or the gender of the child as airisk 
factor for diarrhea. 

Outbreaks of hepatitis A in day-care 
centers nave been w*ell documented and 
occur more frequently in centers that 
are large, provide care to children less 
than 2 years of age. and are open for 
longer hours. 23 After hepatitis A virus 
has been introduced, the risk of trans¬ 
mission within the day-care center in¬ 
creases in relation to the number of chil¬ 
dren wearing diapers and the degree ofi 
mixing between groups of different ages. 
Substantial' transmission outside the 
day-care environment (eg, to parents); 
may occur and!may account for 10% to 
80^ of cases. 25 National surveillance 
data, prospective studies, and outbreak 
investigations indicate that' the risk of 
acquiring hepatitis A infection appears 
to be greater for children attending 
day-care centers; however, there have 
been no welkcontrolled comparative 
studies to quantify the magnitude of 
this risk. 

Hand washing is probably the single 
most important measure for the pre¬ 
vention of illness caused by enteric 
pathogens. For example, in day-care cent 
ters that have implemented a hand¬ 
washing training program, rates of di+ 
arrheal illness have declined by SO^c 30 ; 
even more important than training, how¬ 
ever, is the need for effective monitor¬ 


ing and enforcement of good hand-wash¬ 
ing practices. 31 Frequent cleaning and 
disinfection of surfaces and toys may 
also be important for some infectious 
agents, such as hepatitis A virus. 

Although transmission of enteric 
pathogens to other children in the day¬ 
care center may be prevented by ex¬ 
cluding attendees who have uncontrolled 
diarrhea, this approach has not been fully 
evaluated. Moreover, when strict exclu¬ 
sion criteria are enforced in one center, 
an ill child may be taken to another cen¬ 
ter with less strict criteria, propagating 
transmission within the community. Al¬ 
ternatively, reports from some outbreak 
investigations show* that isolation of an 
affected child (or cohorting of affected 
children) may limit transmission within 
the center. 24 - 32 Prevention of hepatitis A 
infection requires an additional mea¬ 
sure—-the prompt administration of im¬ 
mune globulin to; those'who: have had 
contact with infected children] Finally, 
the asymptomatic occurrence of many 
enteric infections (eg. hepatitis A and 
Giardia ) among young children compli¬ 
cates the prevention of transmission of 
agents by the fecal-oral route and un¬ 
derscores the importance of rigorous 
hand-washing practices in child day-care 
settings. 

Excretions. Body Fluids, and Skim— 
Cytomegalovirus'. —In: child day-care 
settings, cytomegalovirus may he trans¬ 
mitted by direct contact from infected 
children to susceptible persons, includ¬ 
ing day-care providers.,by infective se¬ 
cretions (primarily urine and saliva): 33 - 34 
The pathogenicity of cytomegalovirus 
infection is limited among healthy chil¬ 
dren and adults, and infection with cy¬ 
tomegalovirus is usually asymptomatic. 
However, in utero 'transmission can oc¬ 
cur. and cytomegalovirus infection can; 
produce serious sequelae. Therefore, the 
implications of exposure to cytomega¬ 
lovirus are greatest for women who are 
pregnant and providing day care to in¬ 
fected children^ At present, hand w*ash- 
ing—as a general hygienic practice—is 
the only specific measure that can' be 
recommended for prevention of cytome¬ 
galovirus infection in child day care. 

Hepatitis B Virus .—Although person- 
to-person transmission ofhepatitis B vi¬ 
rus has been documented in some situ¬ 
ations of close personal contact, public 
health surveillance data and epidemio¬ 
logic investigations suggest that! trans¬ 
mission of hepatitis B virus is possible 
but rare in child dav-care settings. 28 * 33 In 
particular, the findings in an investiga¬ 
tion of one case of acute hepatitis B in¬ 
volving a child attending a day-care cen¬ 
ter in the United States suggested that 
infection was associated with being bit¬ 
tern by another child who was a lory' 
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TaWe 3.—Studies of the Occurrence of injury in Child Day-Care Centers in the United States, 1964-1989 
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Design 
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Centers 

No. of 
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Ages 

Socioeconomic 

Status 

Total 

No, 
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per Year 

No, 
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Center-Based Studies 






Bitner and DeLissovoy, 52 
1964 

Hershey, Pa 

Record review 

1 

58 

3-4 y 

Middle 

173 

5,11 

NA 

NA 

Solomons et at.® 1982 

Iowa City 

Record revrew 

1 

133 

2 morg y 

Middle 

4-88 

0.7 

6 

9.0 

Elardo et a!.* 4 1907 

Iowa City 

Record review 

1 

133 

2 mo-6 y 

Middle 

1324 

2.8 

4 

8.6 

Lee and Bass, 55 1990 

Los Angeles, 
Calif 

Record review 

1 

400 

0-6+ y 

Middle 

103 

0.3 

2 

5.0 




Poputation-Based Studies 






Landman and Landman, 54 
1987 

Maryland 

Teteohone 

survey 

431 

18728 

2^6 y 

Mixed 

29 

0.1 

18 

70.2 

Rivara etafc" 1989 

Puget Sound. 
Wash 

Daily record 
review 

NA 

2204 

0-4 y 

Middle 

NA 

NA 

384 

173.0' 

Chang et at:* 7 1989 

Los Angeles 

Record review 

90 

21 435 

2-5 y 

Low 

423 

0.02 

54 

2,5 

Sacks et al “ 1989 

Atlanta. Ga 

Prospective 

71 

5390 

0-12 y 

Mixed 

NA 

NA 

143 

27.0 


’Injunes are defined differently in the vanous studies, accounting tor some otithe variations in rates. NA indicates intimation not availa&ie. 


term carrier of the hepatitis B virus. 35 
Recommendations for preventing the 
transmission of hepatitis B virus in day¬ 
care centers focus on exposures to con* 
laminated blood or body fluids but also 
address the needs for educating staff, 
for hand washing, and for applying ap¬ 
propriate environmental measures. 2 * 

Human Immunodeficiency Virus,— 
On the basis of knowledge of the epi¬ 
demiology of hepatitis B infection, there 
is a theoretical risk for transmission of 
human'immunodeficiency virus in child 
day-care settings—specifically, through 
exposure to contaminated blood or blood- 
containing fluids. 36 - 37 However, the level 
of this risk is considered to be extremely 
low, and there is no evidence for trans¬ 
mission of human immunodeficiency vi¬ 
rus in this setting. 37 

Specific recommendations have been 
developed regarding the admission to 
child day care of children infected with 
human immunodeficiency virus. 37 Other 
than routine precautions for handling 
blood and blood-containing body fluids, 
however, no specific measures have been 
recommendedi 37 

Skin Contact: Lice . ScaM&s, Ring¬ 
worm. and Impetigo. —The potential for 
cutaneous infestations and skin infec¬ 
tions in the child day-care setting is sug¬ 
gested by the dose contact between chil¬ 
dren and by reports of such outbreaks 
among schoolchildren. 38 However, these 
problems have not been documented ex¬ 
tensively in the biomedical literature. 

Transmission by Aerosols or 
Respiratory Droplets 

Acute Upper-Respiratory-Tract Ill¬ 
ness.—This syndrome is the most com¬ 
mon medical problem among children 
attending day-care centers. By age 2 
years, children attending day-care cen¬ 
ters have an estimated seven or eight 


episodes of acute respiratory illness per 
year, 3940 an incidence up to 1.6 times 
greater than among children not attend¬ 
ing day-care centers. 39-44 However,,the 
magnitude of this difference is inverse y 
related to duration of time in day car;, 
and the total number of episodes of re s¬ 
piratory illness in preschool-aged eh - 
dren appears to be independent of d: - 
care center attendance. 39 - 42-15 Therefo' 
children less than'age 2 years who ; 
tend day-care centers are more likely o 
acquire respiratory, infections at an 
lier age than those cared for at horv., 
The degree to which earlier exposur :o 
respiratory pathogens increases the - - k 
of complications andi sequelae g, 
chronic otitis media and hearing lo; is 
unclear. 

Because a broad range of respira. ry 
pathogens may be transmitted in t-:..id 
day-care settings, the epidemiology of 
problems associated with respirator;.' or 
aerosol spread routes are less clear:y 
defined than for pathogens transmitted 
by the fecal-oral route. However, sev¬ 
eral respiratory viruses (in particular, 
respiratory syncytial 1 virus, parainflu¬ 
enza, adenovirus, enterovirus, and rhi- 
novirus) occur commonly in the child 
day-care setting and together may ac¬ 
count for nearly one third of all respi¬ 
ratory illness in day-care centers. 44 

Nasopharyngeal carriage of bacterial 
pathogens may be more common in day¬ 
care centers than in other settings; three 
of these (ie, Streptococcus pneumoniae, 
Haemophilus influenzae, and group A 
Streptococcus) have been isolated from 
22% to 52% of day-care center attend¬ 
ees with respiratory illness. 43 In addi¬ 
tion, outbreaks of tuberculosis have been 
reported in at least two family day-oare 
homes.* 6 - 47. 

Data regarding the comparative risks 
of some vaccine-preventable diseases (ie, 


measles, mumps, pertussis, and rubella) 
among children attending day care and ; 
those participating in other types of 
child-care arrangements are limited. Al¬ 
though transmission within day-care 
centers has contributed to sustained out¬ 
breaks of measles, day-care centers Have 
been considered the primary setting of 
measles outbreaks in oniy 1%, of cases in 
the United States. 45 In most states, be¬ 
cause state regulations require vacci¬ 
nation of attendees of licensed day-care 
centers, percentages of children vacci¬ 
nated are generally higher for those chil¬ 
dren than for children: not in licensed 
day care. 

Because many children and adults 
with respiratory iilhess may be infec¬ 
tious before the onset of symptoms, pre¬ 
vention of these problems in child'day¬ 
care settings is difficult. Moreover, even 
though aerosols and respiratory drop¬ 
lets are the major modes of spread, fo- 
mites and person-to-person contact may 
contribute to transmission of respira¬ 
tory pathogens. Because of these com 
siderations, most factors associated with 
the occurrence of acute respiratory ill¬ 
ness in child day care cannot be modi¬ 
fied substantially. Hand washing and' 
regular disinfection of toys and other 
possible fomites are two potential 'mea¬ 
sures for reducing transmission: of res¬ 
piratory pathogens in the child day-care 
environment. In addition, ensuring that 
all children are vaccinated 1 against vac¬ 
cine-preventable diseases is essential. 
The importance of this strategy may 
also increase as additional vaccines 
against other respiratory pathogens are 
developed. Finally, the resurgence of 
tuberculosis in certain areas underscores 
the need for child day-care and health¬ 
care providers to be knowledgeable 
about the need for screening in high- 
risk populations. 


—Thacker et-al 


JAMA, October 7. 1992—Vol 268. No. 13 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 


Child Day Care—Thacker ■ et i al 1723 


9CS0TSC808 


Otitis Media*—In the United States 
and other industrialized icountries, acute 
otitis media affecting children is a 
common problem Mowing acute 
upper-respirator}'-tract infections. 
Epidemiologic and clinical studies 
have increasingly suggested that chil¬ 
dren attending day care are at 
greater risk for acute otitis media 
than children in home care. 45 - 49 

In general, otitis media results as a 
bacterial complication of antecedent up¬ 
per-respirator}'-tract viral infections; the 
most commonly implicated bacterial 
pathogens include S pneurnomae and 
nontypeable H influenzae . Efforts to 
develop agent-specific vaccines offer 
some prospects for prevention of otitis 
media in the future. However, current 
options are limited and rely on funda¬ 
mental infection-control measures, in¬ 
cluding hand washing, and basic envi¬ 
ronmental! hygiene. 

Meningitis.—Although many children 
may be nasopharyngeal earners of 
H in fluenzae type b. the risks oi men¬ 
ingitis and other invasive clinical dis¬ 
eases in these children have not oeen 
clearly’ established! However. a-.ten¬ 
dance at organized day care is consid¬ 
ered to be a risk factor for primary in r 
vasive ti influenzae type b disease 50 ; 
this risk is inversely proportionate to 
age and is Highest for children less than 
age 2 years, probably reflecting in¬ 
creased exposure to infectious respira¬ 
tory secretions. Less clear is whether 
day-care attendance is associated with 
an increased risk for secondary H in¬ 
fluenzae type b disease. Neisseria men¬ 
ingitidis also causes meningitis in the 
day-care setting, but the risk associated 
with attendance at day care is unknown. 

The recent availability of effective 
H influenzae type b conjugate vaccines 
offers prospects for dramatically reduc¬ 
ing the overall occurrence of meningitis 
and other invasive H influenzae type b 
disease as well 'as the occurrence of these 
problems in child day care. 51 Accord¬ 
ingly, efforts to prevent primary inva¬ 
sive H influenzae type b disease should 
be directed toward implementing the 
recommendation that all children receive 
one of the conjugate vaccines licensed 
for infant use beginning routinely at age 
2 months. 51 

INJURY IN CHILD DAY CARE 

Methods used to characterize the ep¬ 
idemiology of injury, in child day care 
have included studies focused on indi¬ 
vidual! day-care centers, population- 
based studies, prospective studies, on¬ 
going surveillance, and studies of case 
series and registries. The section below 
summarizes data regarding the epide¬ 
miology of and risk factors for both in¬ 


tentional and unintentional'injury in child 
day care. 

Injury Occurrence 

Rates of injury in child day care vary* 
in relation to several factors, including 
location, demographics, type of child 
care, definition of injur}*, data sources, 
and study design. One approach to es¬ 
timating the risk of injury has been to 
focus on individual child day-care set¬ 
tings. In four such studies involving 
record reviews of university-based child 
day care. 52-55 annual injury rates ranged 
from 0.7 to 5.1 injuries per child (Table 
3). In one dav-care center, during a 42- 
month period, almost 90% of attendees 
were involved in incidents that were 
judged by the staff to require documen¬ 
tation 54 ; virtually all of these injuries 
involved either the head (73%) or limbs 
(23%), and 96% of the injured children 
were treated adequately by washing, 
application of ice, and attention. from 
adults. In general, the most common in¬ 
juries were abrasions and swellings in¬ 
volving the head and limbs, usually sec¬ 
ondary to falls. 

Population-based Estimates of the risk 
of injury Have been derived from tele¬ 
phone surveys, reeordi reviews., and 
prospective case ascertainment 
(Table 31 56 * 9 In addition to estimating 
risk of occurrence, these studies have 
provided estimates of the need for med¬ 
ical evaluation. For example, a telephone 
survey in Maryland suggested that 7% 
of children in day care required medical 
attention for injuries and that 4% re¬ 
quired activity restriction because of the 
injuries. 56 

Rates of injury' for children in day 
care are somewhat Ibwer than those for 
children in the general population. 
Among a group of 1199 children less 
than age 5 years enrolled in a health 
maintenance organization, prospective 
monitoring indicated that the rate of 
injuries in day care was 2.5 per 100000 
child-hours of exposure compared with* 
4.9 per 100000 child-hours of exposure 
in the home environment. 59 A national 
telephone survey regarding health 
events in child day care found a rate of 
injury during child day care of 1.7 per 
100000 child-hours of exposure corm 
pared with 2*7 per 100 000 child-hours of 
exposure at home. 60 

Rates of injury in child day care vary 
by age, although the age of highest in¬ 
cidence varies among studies. 5253 * 5 - 57 * 59 
Rates of injury peak at about 11 AM and 
again at 4 PM and vary by season, with 
the highest rates occurring in summer 
and spring; seasonal rates have also var¬ 
ied by age of the child. The playground 
was the most frequent site of 
injury. 54 * 36 ^ 8 


Human bites are an underrecognized 
problem associated with the congrega¬ 
tion of large numbers of preschool-aged 
children in child day care. 61 *® For ex¬ 
ample, in one retrospective cohort study, 
104 (46%) of 224 children'enrolled in a 
day-care center for 1 or more days dur¬ 
ing a 12-month period incurred at least 
one human bite. 61 'In this dav-care cen¬ 
ter—which served a white, middle-class 
population—a male toddler was likely 
to be bitten nine times if'enrolled full¬ 
time. The risk for being bitten w*as in¬ 
creased during the middle of the morn¬ 
ing and in September, the opening month 
for a center operating only during the 
school year. In the absence of compar¬ 
ative data from children in other set¬ 
tings, however, the relative risk of bite 
injuries is not clear. 

Child Abuse 

Although a theoretical!basis for mal¬ 
treatment of children by staff has been 
suggested. 63 epidemiologic data regard¬ 
ing intentional injury (caused bv staff or 
children) in day-care settings are lim¬ 
ited. For example, in 1985-1986, 6005 
reports of physical !abuse and 2372 cases 
of sexual abuse were confirmed state¬ 
wide in the Iowa Child Abuse-Regis¬ 
try^ 4 ; of these, only two reports involved 
child day-care centers. However, other 
repons have indicated the occurrence 
of physical and sexual abuse that re¬ 
quires appropriate clinical and support¬ 
ive intervention. 65 * 

Ih North Carolina.,the complaint lbg 
maintained by the Office of Child Day 
Care Licensing recorded 424 complaints 
during the year ending in mid-l9S3. 6T 
Although most complaints related ito li¬ 
censing (45%) or to violations of basic 
standards, such as staff-child ratios 
:39%), approximately 17% were allega¬ 
tions of abuse or neglect (of which fewer 
than one third led ito “strong' 1 interven¬ 
tions). Complaints against unregistered 
homes were three times as likely to be 
judged severe as those against regisr 
tered homes, and day-care centers meet¬ 
ing only minimum licensing standards 
were five times more likely to have a 
severe complaint than: those meeting 
higher standards. 

Potential i cases of sexual abuse asso¬ 
ciated with child day care w T ere idfent: 
fied through a survey of licensing and 
child-protection officials in all 50 states, 
through contact with 48 clinicians spe¬ 
cializing in sexual abuse, and through a 
search of newspaper articles.® For the 
3-year period ending in December 1985. 
1639 victimized children w^ere identified 1 
in 270 facilities. Adjusting for missing 
data, the authors estimated an annual 
rate of 5.5 sexually abused children per 
10000 enrolled in day-care centers (n 
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family day-care homes), a rate lower 
than national figures of 8,9 per 10000 
for children less than age 6 years in 
families. 68 Most cases (83%) involved a 
single perpetrator in an isolated setting, 
such as a bathroom; the perpetrator was 
a child-care worker in 62% of cases and 
was usually a man (60%). In half the 
instances there was a single victim, usu¬ 
ally a girl (62%). No useful predictors 
were found to identify perpetrators, vic¬ 
tims, or centers, Indeed, usual indica¬ 
tors of day-care quality were not asso¬ 
ciated withilow risk, although facilities 
where parents had ready access to their 
children were less likely to have cases of 
sexual abuse. 

Prevention 

The occurrence of injury among chil¬ 
dren in. day-care settings underscores 
the opportunities and needs for specific 
measures to prevent this problem. Be¬ 
cause playgrounds are common sites for 
injuries, 54 - 56,57 preventive efforts have fo¬ 
cused 1 on playground apparatus and, in 
particular, impact-absorbing surfaces, 
under climbing equipment. 69 * 71 One study 
of injury hazards in home day-care fa¬ 
cilities indicated that 29% of indoor and 
playground items were unsafe. 72 Ih par¬ 
ticular, knives and other sharp objects 
were accessible to children in the kitch¬ 
ens in 69% of homes, cleaning supplies 
in 35%. and! hot-water temperatures in 
excessof49"C in 69%. Moreover, S9% of 
outdoor playgrounds had climbing equip¬ 
ment without energy-absorbing mate¬ 
rial underneath. 

These findings are a reminder that 
playground-related injuries can be ad¬ 
dressed! effectively through methods 
such as the exclusion of high-risk appa¬ 
ratus (eg, climbers), installation of im¬ 
pact-absorbing surfaces, and increased 
supervision at times of highest risk. In¬ 
vestigators in a study of 66 Atlanta child 
day-care centers demonstrated that the 
risk of injury was proportionate to the 
number of playground hazards and rec¬ 
ommended the development and en¬ 
forcement of effective regulation of play¬ 
ground equipment at these centers. 73 Ed¬ 
ucational efforts to significantly reduce 
hazards in these settings, however, have 
had!limited success. 74 

In general; parents in the United 
States are not well informed about risks 
of injury to their children who attend 
day care; parents of lower economic sta¬ 
tus are particularly poorly informed. 75 
Moreover, even well-educated employ¬ 
ees of one health care institution toler¬ 
ated unsafe features in day-care cen+ 
ters, 76 and only 11% of these parents 
considered safety when choosing a day¬ 
care facility. 

Child dhy care is an excellent and ef¬ 


ficient opportunity for educating chil¬ 
dren and providers about the preven¬ 
tion of intentional land!unintentional!in¬ 
juries, not only in day-care settings but 
also in the home. For example, an edu¬ 
cational currieultim for increasing safety- 
seat and seat-belt use in preschool pro¬ 
grams in Los Angeles, Calif, increased 
the use of safety restraints from 22% to 
44% two weeks after the curriculum was 
completed, while no change occurred in 
programs without the curriculum.* 1 A 
subsequent decrease in the use of safety 
restraints suggested the need for com 
tinuing educational reinforcement. Eval¬ 
uation of a program to train child day¬ 
care personnel in addressing child abuse 
suggested that a special training course 
had minimal impact on staff participa¬ 
tion in intervention activities or on the 
development of adequate written poli¬ 
cies for the management of child abuse. 78 
H owe ver, programs with personnel re¬ 
ceiving special training were more likely 
to be involved in prevention activities to 
utilize community referral resources for 
high-risk families. 

COMMENT 

Since the early 1970s, dramatic social 
and economic changes have lfed to the 
emergence of child day care as an inte¬ 
gral component of the social fabric in * he 
United! States, with major implications 
for the practice of medicine. Because 
children are spending substantially m ore 
time in structured settings with o: ner 
children, their risk for many infect ous 
diseases has increased. On the o’ner 
hand, child day-eare settings represent 
opportunities for ensuring healthier chil¬ 
dren in the United States through en¬ 
hanced development, safer environment, 
better nutrition, increased coverage with 
vaccination, and health promotion. 

Physicians and other health care pro¬ 
fessionals should join with parents, pub¬ 
lic health organizations, and others at 
the forefront of a reasoned and rapid 
national response to the changes brought 
on by child day care. The recent publi¬ 
cation of the health and safety standards 
developed jointly by the American Acad¬ 
emy of Pediatrics and the American Pub¬ 
lic Health Association was an important 
early step in addressing this need. 4 Pri¬ 
mary care providers—especially pedia¬ 
tricians and family physicians—must 
recognize not only the health and safety 
issues related to child day care but also 
their critical role and the impact of child 
day care on child development (cogni¬ 
tive and behavioral). 79 Members of ra¬ 
cial and ethnic minorities or children 
with special needs, such as those with 
disabilities,, may require particular at¬ 
tention in regard to day-care needs. Phy¬ 
sicians who provide care to adults must 


be sensitive to the health impact of child 
day care on day-care workers, who are 
at higher risk of infectious diseases, and 
parents, who are subject to stress from 
the dual responsibilities of work and 
parenting. 

Finally, clinicians and public health 
departments play a critical role in the 
assurance of quality in child-care set¬ 
tings through disease and injury* control 
and by health promotion through train¬ 
ing and education of parents, staff; and 
children. 
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ABSTRACT. The temporal association between peak expiratory flow rates (PEFRs) and am¬ 
bient ozone (Oj) was studied in a group of 287 children and 523 nonsmoking adults in Tuc¬ 
son. In children, noon PEFRs were decreased on days when there was a higher O a concen¬ 
tration; children with physician-confirmed asthma experienced the greatest decrease in 
noon PEFR. Evening PEFR levels were also significantly related to 0, in children, especially 
asthmatics. Among adults, evening PEFRs were decreased in asthmatics who spent more 
time outdoors on days when O a levels were higher. After we adjusted for covariates, signifi¬ 
cant effects of interactions of 8-h Ojlevels with particulate matter (PM l0 ) and temperature 
on daily PEFR were found. There was some overnight effect of 8-h O, on morning PEFRs. 
In general, the respiratory response to tow-level ambient Oj is acute, occurs more in 
asthmatics, and increases as temperature and PM,» increase. 


SHORT-TERM lung function declines that result from 
exposure to relatively low concentrations of ozone (Oj) 
have been reported in many studies/ 16 and these de¬ 
clines have been reviewed very recently by Lippmann. 1 
Most of the evidence is derived from exposure charm 
ber studies, 79 ” in which changes have been observed 
in subjects who are exposed to Oj concentrations that 
range from 120 to 180 ppb for 1- to 3-h periods. Studies 
ot childreni who attend summer camps/ 3 of school-age 


children, 4 and of children and adolescents in Tucson 5 
have reported associations between lung function and 
ambient 0 3 (1-h maximum concentrations below 120 
ppb). A correlation of lung function with ambient 0 3 
exposure has been reported in a few adult studies. 5 * 
Recent laboratory experiments in which 0 3 exposure 
lasted 6.6 h 7 B indicate that duration of exposure is an 
important factor in producing a response. Therefore, 
the health effects of relatively low 0 3 levels that persist 
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for several hours in an atmosphere 9 may be more pro- 
nounced than expected/ based on the measured 1-h 
maximum 0 3 concentration. Also, a cumulative effect 
of Oj concentration that was elevated during a few 
consecutive days was suggested by the summer camp 
data. 10 

In this study, we analyzed the relationship of peak 
expiratory flow rates (PEFRs) to ambient 0 3 concentra¬ 
tion. The latter was estimated as (a) the daily 1-h maxi¬ 
mum and the 8-h maximum moving average and (b) 
the 8-h average maximum from values obtained on pre¬ 
ceding days, including the mean of these values for the 
previous 4 d. In this study period, the maximum ambi¬ 
ent 0 3 concentrations were relatively iPw, i.e., the 1-h 
maximum never exceeded 92 ppb. Daily variations of 
PEFRs and symptoms were evaluated; and PEFRs of 
children and nonsmoking adults were examined. The 
subjects were from a community population in Tucson. 

The purpose of this study was to evaluate the tem¬ 
poral 1 pattern of lung function response to 0 3 exposure. 
Specific aims were to estimate if (a) detectable PEFR 
changes in real-life situations are related to short-term 
or to prolonged exposure, (b) if the changes persist 
overnight, and (c) if there is a cumulative effect of the 
exposure that lasts a few consecutive days. Further¬ 
more, we evaluated possible differences in these re¬ 
sponses that were attributable to asthma or other res¬ 
piratory diseases. Also, we evaluated 0 3 interactions 
with additional exposures to passive smoking to out¬ 
door particulate matter and/or to outdoor temperature. 
In response to the question of possible seasonal adapta¬ 
tion to the exposure, 11 we tested to determine if re¬ 
sponses to O, exposure in spring were greater than in 
other seasons. 

Methods 

The detailed 1 description of the study population and 
methods of data collection have been presented previ¬ 
ously. 12 Briefly, the population for this study was de¬ 
rived from the municipal employees of the local county 
government and their families. This population includ¬ 
ed a wide spectrum of socioeconomic status (SES) and 
was representative of SES within the employed popula¬ 
tion in this geographic area. It also had fairly represen¬ 
tative distributions of age, sex, and ethnic groups. Infor¬ 
mation gleaned during the initial screening with ques¬ 
tionnaires was used to select a sample of households. It 
was important to include a sufficient number of chil¬ 
dren in the sample; therefore, only the households with 
children 5-15 y of age were eligible for this study. The 
peak flow measurements analyzed in this study were 
collected during 2-wk periods, from May 1986 through 
November 1988, and a fairly uniform distribution of 
subjects was studied in each season. 

Basic individual characteristics were determined 
from modified standard health questionnaires 13 ; addi¬ 
tional sections were included that identified normal ac¬ 
tivity patterns and symptomatic responses to environ¬ 
mental factors. Adults completed the questionnaires for 
themselves and for their children. Peak expiratory flow 
rates were measured with mini-Wright peak flow me¬ 


ters, a description and discussion of which has been 
presented previously. 1,4 “ 17 Tests were performed dur¬ 
ing four or fewer time periods each day: (1) morning 
(on rising), (2) near noon, (3) evening (4-7 p.m.), and (4) 
prior to going to bed. Each subject was trained to use 
the peak flow meter, and they were requested to per¬ 
form three tests for each time period (morning, noon, 
evening, bed) and to record the largest value in their 
diary. Children's tests were supervised by an,adult, 
who also recorded the results. Only one peak flow me¬ 
ter was assigned to each household. This prevented 
measurement at noon for many of the family members 
who were away from their homes at noon. We sought 
to eliminate a possible learning effect; therefore, data 
were eliminated from the initial 2 d of observation 
(which demonstrated improvement), thus limiting the 
observation period to 12 d. In this analysis, we used the 
data from the morning, noon, and evening measure¬ 
ments only. Daily diaries were also used to record 
symptoms, medication usage, and activity patterns, in a 
manner used and described previously. 51217 

Outdoor data for 0 3 were obtained from the Pima 
County Department of Environmental Quality (PCDEQ). 
An EPA-sponsored inventory of O, in the basin produced 
quite uniform values, which accords with what has been 
reported previously. 6 Therefore, it was not deemed nec¬ 
essary to include more than three monitoring locations 
in the basin to guarantee accurate outdoor exposure 
estimates. The hourly averages from the PCDEQ 
chemiluminescent monitors were obtained on tape. 
These files were processed to identify the 0 3 records 
for each study day and to determine the maximum 1-h 
concentration and the maximum 8-h moving average 
of 1-h values for each location. Stations for which more 
than 3 h of 0 3 measurements were missing between 9 
am. and 7 p.m. were excluded from the analysis for that 
day. The 8-h moving average was not calculated if 
more than 2 hr of measurements were missing from 
that 8-h period. The maximum concentrations differed 
slightly among the monitoring stations, but the correla¬ 
tion of the measurements was very high (correlation 
coefficient between 0.64 and 0.91 for each pair of the 
stations for 1-h and 8-h maxima). Thus, the maximum 
1-h and 8-h average values from the three stations were 
used to represent the 0 3 concentrations for all subjects 
who were studied on a given day. For each day of the 
study, the mean of the maximum 8-h average 0 3 con¬ 
centrations for the 4 preceding days was calculated to 
be an index of cumulative exposure. Because indoor 
O, concentrations were between 0 and 0.035 ppm, 5 as 
determined by the use of identical Dasibi monitors as 
were used outdoors, O, exposure was based on out¬ 
door levels, which were adjusted for time outdoors. 

During part of the study period, data regarding am. 
bient concentrations of particulate matter (less than 10 
ym diameter [PM 10 ]) were collected daily at one 
monitoring station, and the data were used in the 
analysis. 

The relationship of PEFR values to 0 3 levels was ana¬ 
lyzed with two statistical models. A second statistical 
model was used to account for the evident autocorrela¬ 
tion of PEFR measurements in each subject (relative to 
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0 3 ). In this version of the random-effects longitudinal 
modfel, 1 * 1 * the within-subjects' observations include a 
first-order autoregressive serial correlation component 
and random observational errors. This model can be 
applied to data collected by an unequal number of 
observations per subject; which can be accomplished 
at unequal intervals. Examination of PEFR measure¬ 
ments indicated that there was no systematic trend in 
the daily PEFR values of each subject during the 12-d 
observation period (after data from the 2 initial days 
were excluded). Thus, the within-subject (random) ef¬ 
fect was constant, and we have modeled the effects of 
Oj and other covariables as population parameters. 
The model! allows inclusion of both fixed and time- 
dependent covariates. In this analysis, the constant 
covariates were gender (1 - female, 0 - male); age; 
subject-reported asthma status (1 - current disease 
diagnosed by a doctor, other - 0); exposure to en¬ 
vironmental tobacco smoke (ETS - 1 if there was any 
smoking in the household during the week of PEFR 
measurements, 0 if no smoking); work in dusty jobs or 
exposure to gases or fumes at work during the past year 
(yes - 1, no - 0); and spring season (March - 1, 
otherwise - 0): The time-dependent covariates were 
0 3 concentration; time spent outdoors during the day; 
maximum outdoor temperature; presence of acute res¬ 
piratory illness or symptoms during the day (sore 
throat, cough, wheezing or whistling in the chest, 
shortness of breath with wheezing, chest tightness (ARI 
- 1 if yes]); and PM t0 concentration. Among the time- 
dependent covariates, there were also the indicator (0, 
1) variables that corresponded to time of the day when 
the PEFR measurement was taken. The main effects of 
these variables represented the natural diurnall varia¬ 
bility of PEFR values. 17 20 21 Interactions of these 
variables with other factors indicate the additional ef¬ 
fect of the factor on the PEFR measured at a given time 
of day (e.g. ( the term i "0 3 * evening" corresponds to 
the change in. evening PEFR measurement that results 
from a unit change in 0 3 concentration). The interac¬ 
tion, of an indicator (0, 1) variable with 0 3 corresponds 
to the additional! effect when the factor is present (e.g., 
the term ”0 3 * asthma" reflects an additional change 
in PEFR that results from 0 3 in asthmatics). Interaction 
terms were evaluated with alt respective main effects 
included in the model. In cases where the elimination 
of a nonsignificant main effect did not affect the value 
of the coefficient that corresponded to the interaction 
term, the main effect was removed from the final mod- 
eli This would occur when an effect was limited to a 
subgroup of the population, and all other subjects were 
included in a reference group. 

The analysis was performed separately for subjects 
who were aged 6-15 y and for those who were more 
than 15 y of age. We alk) studied separately the effects 
of 0 3 , which were estimated as the maximum 1-h and 
8-h mean values. This was done to limit the number of 
factors in a single model and to avoid the consideration 
of co-linear, factors in one model (the correlation of 1-h 
and 8-h values was 0.88). Several different random ef¬ 
fects models were tested (fitted! to the data), which 
assured selection of the models that best described the 


relationship of PEFR to 0 3 concentration and its in¬ 
teractions with other factors (accounting for significant 
confounding effects). The significance of terms of the 
models (i.e., model parameters) was tested by the log- 
likelihood ratio test; the significance level was p < .05, 
and p values between .05 and .10 were considered to 
be borderline significant. We present the "best" par¬ 
simonious models. The terms absent in the models pre¬ 
sented were found to be nonsignificant (p > >10) or did 
not modify the relationship between PEFR and Oj. 

A second statistical method, multifactorial analysis of 
covariance (ANCOVA), 5 was used to analyze day-to- 
day changes in daily average PEFRs and symptom prev¬ 
alence rates (the dependent variables) in relation to 8-h 
0 3 values on the same and previous days (lags of 0 and 
1). For this purpose, we used data from 1 007 days of 
observation, compiled from the 2-wk test periods, for 
all subjects. Mean daily averages were calculated spe¬ 
cifically for morning and evening PEFRs. The distribu¬ 
tions of daily symptom prevalence rates were skewed; 
therefore, log transforms of the rates were used as de¬ 
pendent variables. Demographic and social confound¬ 
ing or covariables included the mean number of hours 
spent outdoors and the proportions of the population 
on each day that were in each of the following cate¬ 
gories; male, under age 15 y, lived in households (HH) 
where the head of HH obtained less than a highrschool 
education (SES), smoked, exposed to environmental to¬ 
bacco smoke (ETS) or to gas cooking in the home, 
worked away from home or were at school, and 
worked in jobs with dust or fume exposures. Nitrogen 
dioxide, PM l0 , and weather measurements were also 
used as co- or confounding variables. Meteorological I 
covariables included season, daily maximum and mini¬ 
mum temperatures, average wind speed, and average 
dew point. The ANCOVA yielded adjusted values, ex¬ 
pressed changes from the grand mean of the depend¬ 
ent variable (e.g., PEFR), for explanatory variables as in¬ 
dependent effects (adjusted for each other and for co- 
variables), and for interactions (adjusted for all other 
variables). 

Results 

The peak expiratory flow values were measured in. 

287 children (mean age - 10.4 y) and 523 adult non- 
smokers (mean age - 40.1), for whom acceptable O, 
concentration data had been collected at least 1 d. Ih 
both groups, the proportion of males was similar (53% 
and 54%, respectively). The proportion of children Cv 
who lived in homes inhabited by smokers was higher © 
than the proportion who lived with adult nonsmokers tv 
(44% versus 33%, respectively). More children than C3 
adults reported a current asthma condition diagnosed £/l 
by a doctor (13% versus 9%, respectively). Acute ^ 
respiratory illnesses and symptoms were recorded for O 
15% and 14% of the person-days among children and £/t 
adults, respectively. Children reported that they re- 
mained outdoors an average of 2.9 h per person-day, ^ 
and adults reported 2.7 h per person-day. The mean 
maximal daily outdoor temperature was 87 °F (30 °C)' 
per person-day. The maximum level ofPM 10 , recorded 
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during the study days, was 187 Mg/m? (mean - 42 
Mg/m’). 

During the study period (i.e„ during collection of the 
PEFR data), the O, maximum 1-h concentrations ranged 
from 15 to 92 ppb (mean ± standard deviation - 55 ± 
14 ppb): Moving average maximum 8-h concentrations 
ranged from 9 to 82 ppb (46 ± 13 ppb [Fig. 1]). The 
highest concentrations of Oj were usually attained by 
noon on each day and persisted for several hours. On 
many days, sharp declines in Oj levels were noted only 
after 6 r.m. 

Results of random effects models. Data for at least 6 
d, during which at least 12 observations were made, 
were available for 78% of the children. All children 
combined provided 5 483 observations. Separate mod¬ 
els were used for, adults so that the effects of Oj on eve¬ 
ning and on noon PEFR levels could be evaluated. 
Morning or evening data for at least 6 d (12 or more 
data points) were available for 74% of the adults. There 
were 8 122 morning or evening PEFR measurements for 
all adults. Noon measurements were missing more fre¬ 
quently than measurements performed at other times 
of the day. Personal PEF meters were available for only 
50% of person-days, and PEFR values were measured 
in the morning and evening, thus yielding only 6 852 
paired observations to use for the estimation of effects 
of O, on noon PEFR levels in adults. 

The estimated effects of O, on PEFRs are presented in 
Tablbs 1 (children) and 2 (adults)i In all models, there 
were significant effects of the time of day when PEFR 
measurements were performed, which reflected a nat¬ 
ural increase in PEFR during the day, followed by its 
overnight decline. In both children and adults who had 
currently diagnosed asthma, the diurnal variability of 
PEFRs was significantly greater, and the morning levels 
were usually Ibwer than levels found in nonasthmatics. 


The noon PEFR levels in children were lower on days 
with higher 1-h maximum Oj levels (Table 1, Model I). 
The estimated effect of 100 ppb of O, in nonasthmatic 
children (-11.9 l/min) was equivalent to 3.8% of their 
mean PEFR level, which was as if the absolute value of 
the natural increase between morning and noon did 
not occur. (Given that morning is the basis for com¬ 
parison, the change is calculated by summing products 
of coefficients times variables, adding the constant, and 
then computing an effect/mean ratio. The natural in¬ 
crease in the absence of an Oj effect is the value for 
"noon versus morning" [13.1 ± 3.6 l/min), which is 
similar in magnitude to the "Oj * noon” effect.) 

The noon O, effect was increased in children with 
asthma; estimated as the sum of effects, (O, * noon and 
Oj * noon * asthma) was -31.0 l/min/100 ppb (11.9 
added to -19.1). The large variability (SE - 17.9) pre¬ 
cluded statistical significance (p < .10). Part of this 
variability resulted from the reduced number of noon 
PEFR measurements, compared with other time peri¬ 
ods. Thus, higher Oj concentrations were related to 
marked suppression of the usual increase of PEFR early 
in the day. The Oj effect on noon PEFR values was not 
significant when the 8-h mean was used to estimate Oj 
concentrations (in Model III). 

The effect of Oj on evening PEFRs was seen only in 
asthmatic children, and it was more pronounced when 
the 8-h mean was used to estimate Oj concentration in¬ 
stead of the 1-h maximum value (Table 1, Models III 
and II, respectively). This may have resulted from a 
delayed or cumulative response to Oj during the 
course of the day. The PEFR values, estimated from 
Model II for 1-h maximum Oj, are illustrated in Figure 
2. This essentially represents the diurnal change in 
PEFRs for two levels of Oj in asthmatics (where 1 - 
asthmatics), compared with others. 


Table 1.—Effects of O, on PEFR Values (l/min) Estimated in Random Effects Models 

Ozone concentration (in 100 ppb) estimated as: 


l-h maximum 


8-h mean 

Factors in model 

Model 1 

Model II 

Model III 

Time-dependent 




O, * noon 

-11.9 i 6.3* 

• 

• 

O, * noon • asthma 

-19.1 t 19.0)t 

• 

• 

O, * evening 

• 

(0.2 ± 4.7) 

(1.2 ± 5.4). 

O, * asthma * evening 

• _ 

13.8 i 4.9 

-17.6 ± 5.8 

O, * ETS * evening 

Constant 

• i- 

■1.6 ± 2.6) 

(-2.0 ± 3.1). 

Age <y) 

25.1 ± 1.1 

25.2 ± 1.1 

25.2 ± 1.1 

Noon (vs. morning) 

13.1 ± 3.6 

6.6 ± 1.0 

6.5 ± 1.1 

Evening (vs. morning) 

8.0 ± 0.8 

8.2 i 2.6 

7.8 ± 2.6 

Asthma * morning 

(1-2.90 ± 2 4) 

10.9 ± 2.8 

-11.3 ± 2.8 

Asthma * noon 

20.9 i 11.7* 

• 

• 

Constant 

55.7 ± 10.8 

56.1 ± 10.9 

56.1 ± 10.9 

Notes: All subjects were 15 y of age or less All values presented as coefficient ± 

standard error. 

Total number of subjects included 

- 287; total number of observations - 5 483. 


•Not included m the model 




t() effects nonsignificant but included in the model 
t.05 < p < .10:' all other effects are significant (p < .05); 




Archive* of Environmental Health 

Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 


2023510545 




Table 2.—Effects of O, on PEFR Values (Vmin) Estimated in Random Effects Models 


Ozone concentration (in 100 ppb) estimated as: 


1-h maximum 

8-h mean | 

Factors in model 

Model 1 

Model 11 

Model III 

Time-dependent 

O, • evening 

(-3.7 ± 3.1 r 

(-3.8 ± 3.6) 

t 

Oj * time out • evening 

f 

t 

(03 ± .05) 

| Oj * time out * asthma • evening 

-2.3 ± 1.4* 

-2.9 ± 1.6$ 

-4.5 t 1.8 

O, * during 4 preceding days * asthma 

t 

(-19.5 ± 18.2) 

t 

Constant \ 

Females (vs. males) 

-145.2 ± 4.8 

-145.3 ± 6.7 

-143.9 ± 6.9 

Evening (vs. morning) 

14.7 ± 19 

14 4 ± 1.8 

12.0 t 0.9 

Asthma • morning 

-7.8 ± 2.0 

-7.8 ± 1.9 

-9.8 ± 2.0 

Females * evening 

-2.8 ± 1.0 

-2.8 ± 1.0 

-2.3 ± 1.1 

Environmental tobacco smoke 

t 

t 

-16.4 ± 7.2 

Constant 

566.3 ± 4.8 

567.1 ± 4.9 

571.1 ± 5.6 

No. of subjects 

520 

520 

445 

No. of observations 

8 122 

8 118 

7 224 

I Notes: All subjects were 15-*- y of age. All values presented as coefficient ± standard error, except 1 

as otherwise noted. 

•Effects nonsignificant but included in the model. 

+Not included in the model 

t.05 < p < .10; all other effects are significant (p < .05). 




In children with asthma, the estimated decrement in 
evening PEFRs resulting from an 8-h mean Oj concen¬ 
tration of 80 ppb (Model HI) was 4.3% of the mean eve¬ 
ning PEFR level (calculated as before, age - 10 y). An¬ 
other model (not shown; limited to 5 339 observations), 
which estimated 0 3 exposure to be the product of the 
O, 8-h mean and the duration of time spent outdoors 
during that day (expressed as ppb-h), showed a signifi¬ 
cant overall effect of 0 3 exposure in asthmatic children 
(-4.9 ± 1.5 l/min/100 ppb-h) and an additional O r 
related decrement in evening PEFR level in children ex¬ 
posed to ETS at home (-2.1 ± 0.9 l/min/100 ppb-h). 

In general, there was no significant relationship be¬ 
tween, morning PEFR values and ambient 0 3 levels on 
the preceding day, although there was a tendency (not 
significant) for morning PEFR to decrease with an in¬ 
creasing 1-h maximum 0 3 in asthmatic children; the 
variability of this effect was very large (-14.3 ± 14.8 
l/min/100 ppb). No indication was found for an effect 
of cumulative 0 3 exposure, estimated as an average of 
8-h mean 0 3 levels in 4 preceding days, and there was 
no difference between the results for asthmatic and 
nonasthmatic children. 

In adults, no decrease in noon PEFR values was seen 
during the days when there were higher 0 3 levels; the 
estimated effect of 0 3 , adjusted for sex, asthma status, 
and diurnal variability of PEFR was +6.1 (± 3.9) l/min/ 
100 ppb (p > .10). There was, however, an effect of 0 3 
exposure (time * concentration) on evening PEFR—but 
only in asthmatics—and it was related to the amount of 
time spent outdoors on the days higher 0 3 concentra¬ 
tions occurred (Table 2), The effects of 1-h and 8-h 0 3 
estimates were similar, and both were rather small. 
With regard to mean evening leveli the effect of 100 
ppb-h did not exceed 0,5% in men and 0.7% in worrit 


% P«r#on'D*yt 



Fig. 1. Cumulative distributions of person-days by 1-h maximum 
and maximum 8-h mean O, concentration. 


eni In 445 nonsmoking adults who had ETS exposure, 
the effect of 0 3 in asthmatics—adjusted for ETS—was 
more pronounced (Model II in Table 2). A similar effect 
of 0 3 in asthmatics (-5.1 ± 1.9 l/min/100 ppb-h); was 
obtained for 305 subjects in whose homes there were 
no smokers (5 011 observations). 

In adults, there was no significant decrement in 
morning PEFRs that resulted from higher 0 3 levels dur¬ 
ing 1 or during the 4 preceding days (i.e., the same as 
was found for childrenh However, the effect of mean 
0 3 level during the 4 preceding days, estimated for 
asthmatics (-19.5 ± 18.2 l/min/100 ppb), suggested 
that there might be a tendency for a more lasting re¬ 
sponse in some individuals who have asthma. These re¬ 
sults did not change after adjustment was made for ETS. 
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fig. 2. Effect of 1-h maximum O, on evening PEEK in asthmatic and 
nonasthmatic children, estimated by random effect models (Table 
1, Model II: age - 10 y). 


The PEFR values were also related independently to 
some of the remaining covariables considered. In chil¬ 
dren, PEFR values were reduced by 5.6 ( ± 2.4) l/min on 
days when acute respiratory illness symptoms occur¬ 
red! On hotter days, the evening PEFR levels were de¬ 
creased in. children (by 1.6 ± 0:6 l/min/10 °F), and 
noon PEFR levels were decreased in adults (by 2.7 ± 
0.4 l/min/10 °F). However, these factors did not in¬ 
fluence the relationship of PEFR with Oj. Furthermore, 
PEFR was not related to working near dusts or fumes or 
to ambient levels of PM l0 , and there were no interac¬ 
tions between these factors and Oj. Results for subjects 
examined in March (the first month in each study year 
during which O, levels exceeded 50 ppb on most days) 
were not different from the results for subjects exam¬ 
ined during other seasons. 

Daily variations in PEFR and symptoms. Daily averr 
age evening PEFR was related to maximum 8-h O, dur¬ 
ing days in the spring, summer (without precipitation), 
and fall, after adjusting for significant covariables in the 
ANCOVA model (specifically, the proportion of chil¬ 
dren): The relationship of evening PEFR with maximum 
temperature was only of borderline significance (p - 
.08). The interactive effect of O, and temperature on 
daily average evening PEFR was also borderline (p - 
.07). However, the three-way interaction of Oj * tem¬ 
perature * PM lo on daily average PEFR was highly sig¬ 
nificant (Fig. 3). Maximum temperature alone, and 
while interacting with PM, 0 , was significantly related to 
reduced PEFR. Increased days of observation (by re¬ 
moval of PM,» as an explanatory variable) enhanced 
the significance of the O,-temperature interaction (to p 
- .005 [Fig. 3]). Ozone alone—above 56 ppb—produced 
a difference of more than 12 l/min; the three-way inter¬ 
action led to a reduction of more than 21 l/min, which 
was not quite additive. The use of season-specific, age- 
adjusted z-scores (standard normal deviates) yielded 
simitar results. Effects of O, from the previous day on 
average morning PEFRs were primarily in conjunction 
with the previous day's temperature and with PM, 0 . 

There was a significant increase in symptoms associ¬ 
ated with prolonged exposure to O,, which was in¬ 


dexed as the maximum 8-h average on the previous 
day. The effect was seen primarily for allergic-irritant 
symptoms (Table 3). The increase was much greater 
with interactions of Oi and maximum temperature and 
with PM, 0 . Ozone alone produced a difference of more 
than 7% in prevalence rates. There was also an in¬ 
crease in symptoms that resulted mainly from tempera¬ 
ture; there was only a limited effect of prolonged Oj ex¬ 
posure. After log transformation of symptom rites, the 
previous day's O, (i.e., lag one) and that day's max¬ 
imum temperature were independently significant. 
There were no significant interactions. Other covariates 
and confounders (listed in the Methods section) were 
not significant in any of these ANCOVA models. 

Discussion 

This study shows that, for children, (especially asth¬ 
matics), a reduction of PEFR, measured at noon on days 
when high peaks of Oj concentration occur, is indica¬ 
tive of an immediate response of respiratory function to 
Oj exposure. In children and adults, and especially 
asthmatics, we have also found similar effects of Oi on 
PEFR levels measured in the evening (i.e., following 
several hours of elevated O, concentration in ambient 
air). Often this effect was much more pronounced 
when elevated on a daily basis, and it was related to in¬ 
teractions of O, with temperature and, sometimes, 
PM, 0 . Effects of O, on daily symptoms rates were also 
seen (specifically for allergic-irritant symptoms). 

No major effect on PEFR (morning) was related to the 
previous day's O, in the REM analysis; however, a 
trend was suggested in asthmatics (random-effects 
model). Changes in daily average morning PEFR values 
were related to the previous day's 8-h Oj in the AN¬ 
COVA analysis. Neither model revealed cumulative ef¬ 
fects for the previous 4 d of Oj exposure. A previous 
time-series analysis from a different Tucson population 
study had not shown a tagged effect of maximum 1-h 
Oj on PEFR either, but had shown such lagged effects 
on productive cough (of 1-2 d) and wheeze (of 3 d) in 
asthmatics.* 7 

It is possible that there are some longer-lasting effects 
of Oj on lung function, 10 but that their magnitude is too 
smal to be detected in this analysis because of the vari¬ 
ability of PEFR measurements. We performed a simu¬ 
lation study so that the minimum effects that were de¬ 
tectable with our data (REM method) could be evaluat¬ 
ed. We assumed a linear change in PEFRs, related to Oj 
concentration during the preceding day, and a mean 
linear coefficient B. The actual value of the coefficient, 
b, was selected for each individual as a random num¬ 
ber, normally distributed with mean B and standard er¬ 
ror BI2. We calculated, for each PEFR measurement, 
the expected value to be a sum of the actual value and 
b * (Oj level in preceding day - 50 ppb). Several 
values of 8 were considered. The minimal simulatedef- 
fect found to be significant for children: by the random 
effects model was —12 ± 6 l/min/100 ppb. The mini¬ 
mal detectable effect in adults was -6 ± 3 l/min/100 
ppb The threshold values decrease when smaller vari¬ 
ability of the effects is assumed. These results show that 
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Table 3.—Effect of Prior Da/* Maximum 8-h PM„ and Temperature on Daily Prevalence 
Rate* (%) of Allergic/lrritant Symptoms 


I nteract ions/va riabJes 


i 

! o, 

(ppb) 

n 

Adjusted* 
independent 
prev rates 
(Ug one) 

PM,, (Mg/m*)t 


Max. temp. (°F)t 

< 50 

>50 

< 70 

70-95 

>95 

! <56 

210 

25.8% 

26.9% 

24,1% 

25.4% 

28.1% 

20.1% 

> 56 

52 

32.7% 

27.2%(27)t 

37.9%(25) 

(1) 

33.6%(33) 

26.2%(18) 

Adjusted* 







indeperv 







dent 


Prev. rates 

27.0 

27.5 

27.3 

29.6 

21.8 

p (independent) 

- .011 

ns 



< 10" 


p (interaction) 


.07 



.03 



Note: Overall ANOVA: p < 10" (R* - 18.2%); 

•Adjusted for covariates (% children, smoking) and other explanatory. 
tMax Temp — PM,* interaction significant, p - .03. 

^Number within parentheses denotes demoninator, when n < 52. 



Fig. 3. Effect of 8*h Oj on daily evening PEER and interactive effects 
of O, with PM„ and temperature, estimated by ANCOVA modHs. 

lagged effects could have been detected if their magni¬ 
tude had been similar to or greater than that of the 
observed short-term effects. 

On many occasions, the study subjects could not 
measure their, PEFR because limited resources allowed 
for only one peak flow meter per home. Thus, only 
52% of subjects had data for each day, and very few of 
them performed all I three tests each day. We wanted to 
assess the effect of missing data on the relationships 
studied; therefore, the relationship between the pro¬ 
portion of completed measurements, O, concentra¬ 
tion, and subject's PEFR level was analyzed. Such anal¬ 
ysis indicated that the noon PEFR measurement was 
more likely to be omitted by adults who had lower 
mean PEFR levels on days when there were higher Oj 
concentrations. This could be the reason for the ob¬ 
served slight increase in noon PEFRs on days when 
there was a highi 1-h 0 3 level, and might, therefore, 
lead to an underestimation of the effect of Oj on noon 


PEFRs in adults. In children; the omission of the noon 
PEFR measurement was more likely to occur in those 
with Ibwer PEFR levels, but that relationship was similar 
during days when there were various Oj levels. We 
conclude, therefore, that the estimated effect of O, on 
noon PEFRs in children is not likely to be biased by the 
selection. Furthermore, there was no relationship be¬ 
tween the frequency of days for which PEFR measure¬ 
ments were missing and the mean O, levels during the 
4 preceding days, with respect to the PEFR average 
level' Therefore, missing data were not a factor in fail¬ 
ing to detect prolonged-exposure effects. 

The observed short-term effects of Oj on noon PEFRs 
in children were greater than those reported previously 
in some chamber studies , 2yis but they were smaller 
than the effects of O a on pulmonary function that were 
estimated in field studies. 35 Also, in adults, the 
magnitude of the decrement in PEFRs that resulted 
from O, was smaller than that found previously in a 
group of subjects who exercised. 6 One source of these 
differences may be the assessment of the Oj exposure. 
We can assume that most subjects in this study had a 
lower level of activity than was observed or applied in 
former studies. The spatial distribution of O, concentra¬ 
tions in the Tucson basin was fairly uniform, but in¬ 
dividual exposures could vary considerably because of! 
the different patterns of daily activity. Subjects spent 
much of the day indoors, which possibly reduced their 
Oi exposure; this would be especially true if they were 
indoors during the hours of higher 0> levels. The infor¬ 
mation on time spent indoors included in the models 
only partially improved the estimate of exposure be¬ 
cause this value did not identify the specific hours 
when the subjects were outdoors. (Subsequent studies 
in this population will enable examination of when the 
children are outdbors.) The different patterns of activity 
may explain, in part, the different responses to Oj ob- 
served in children and in adults. Children may be more 
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likely than adults to be outdoors around noon and 
before evening, and are more likely to be exposed to 
elevated levels of Oj before the PEFR measurements: In 
adults, the effects of Oj on evening PEFRs could result 
from prolonged exposure, but may also result from a 
short-term exposure that may occur in the afternoon, 
shortly before their evening PEFR measurement. It ap¬ 
pears that the afternoon Oj levels may be quite ele¬ 
vated during days when 8-h means are high. 

In addition to this possible overestimation of O, ex¬ 
posure for some subjects in our study, another factor 
that could have contributed to a smaller function re¬ 
sponse seen here, compared with other field studies, 
may be the relatively low levels of air pollutants (other 
than Oj and PM I0 ) in Tucson. 26 These pollutants—es¬ 
pecially acid aerosols—may have increased the re¬ 
sponse in the previous field studies. 1 

This analysis indicates that a more pronounced re¬ 
sponse to Oj exists in some adult asthmatics than in 
nonasthmatic subjects. An increased effect of O, was 
seen in asthmatics ini the previous Tucson study 5 29 and 
in recent laboratory experiments, 29 but not in other 
data. 3011 In the present study, there was an increase in 
Oj effects attributed to asthma, but they were not ah 
ways statistically significant. This was the case because 
of the large variability of the results in asthmatics; it is 
possible that an increased number of asthmatic sub¬ 
jects or an increased number of observations would 
produce more pronounced effects. 

The use of medication improves morning values for 
asthmatics, but it has no effect on the relationship be¬ 
tween. other air pollutants and PEFR. 32 In the current 
study, the only significant correlation between medica¬ 
tion use and level of 0 3 was seen, in male asthmatics 
who were 35 y and older: 48% used breathing medica¬ 
tion on the days when there was 1*h O, levels of 65 ppb 
or more, compared with 19% on other days ip < .01). 
The corresponding percentages of subjects who used 
medications on days when there were 8-h Oj levels of 
65 ppb or more, versus days when there was less than 
65 ppb, were 41% and 26%, respectively (p < .01). 
The use of medications on days when there were high¬ 
er Oj levels may have minimized our result in adults, 
especially in asthmatics. Use of medication increased 
PEFRs on days when there was low Oj, but it did not in¬ 
crease PEFRs on days when there was high 0 3 . An AM- 
COVA demonstrated that the effect of maximum 8-h O, 
on the reduction of PEFR was still significant (p < .05), 
but that the effect of the medication and the interaction 
of medication use with Oj were not significant (p > 
. 10 ). 

The lack of a consistent cumulative effect of elevated 
Oj for a few days could be expected if a functional 
adaptation of the respiratory system occurs, as was 
found previously for an Oj concentration that exceed¬ 
ed 350 ppb. 33r3S Hbwever, such adaptation, if it exists, 
did not modify the short-term responses to 0 3 in our 
study. Also, the analysis of seasonal effects does not 
support the hypothesis of a longer-lasting adaptation. 
Our choice of March as the possible time for a greater 
''spring" response was based on analysis of 0 3 levels. 
Between November and February, the number of days 


during which maximum 1-h Oj levels exceeded 50 ppb 
were only 3-10/mo, whereas in the remaining months 
this number exceeded 23. The lack of an effect of 
season in the REM analysis might have resulted from 
the crude identification of the time when an increased 
response to higher O, occurred, or perhaps from a too 
short time period in which there were low levels of am¬ 
bient Oj. When daily values (in the ANCOVA) were 
restricted to the Oj season in Tucson (i.e„ spqng, dry 
summer, fall), the effects were more evident than if us¬ 
ing the entire year. Therefore, it is unlikely that 
negative findings would result from a small, but signifi¬ 
cant, adaptation process in the Tucson population. 

The analyses also controlled for SES, crowding, ciga¬ 
rette smoke (ETS) exposure, gas stoves, and actual 
monitoring results. Our results, therefore, were not 
spurious, based on the exposure assessment used, nor 
were they based on uncontrolled effect-modifiers or 
confounders. 

In conclusion, our results indicate that short-term ef¬ 
fects of ambient Oj at concentrations below the current 
standard (120 ppb) can be observed during the normal 
activity of a community population. 
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Gelber, L.E., Seltzer, L.H., Bouzoukis, J.K., Pollart, S.M., 
Chapman, N.D., and Platts-Mills, T.A.E., "Sensitization and Exposure 
to Indoor Allergens as Risk Factors for Asthma Among Patients 
Presenting to Hospital," American Review of Respiratory Disease 
147(3): 573-578, 1993. 

The authors of this study investigated the potential role of indoor 
allergens in adult patients with acute asthma. A case-control 
study of 114 patients and 114 controls presenting to an emergency 
room (for asthma and conditions other than breathlessness, 
respectively) was conducted. The authors reported that "thirty- 
eight percent of the asthmatics, but only 8% of the control 
subjects, were allergic to one of the three indoor allergens, and 
had high levels of the relevant allergen in their houses (odds 
ratio, 7.4; confidence interval, 3.3 to 16.5)." The authors 
concluded that "the results suggest that the risk for asthma related 
to sensitization to indoor allergens applies to a large proportion 
of adults with acute asthma" and that "this risk is prominent among 
the socioeconomic groups that have suffered the largest increase 
in both morbidity and mortality from asthma." 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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Sensitization and Exposure to Indoor Allergens as 
Factors for Asthma among Patients Presenting to 
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LAWRENCE E. GELBER, LEONARD H. SELTZER, JAMES K. BOUZOUKIS, SUSAN M. POLLART, 
MARTIN D. CHAPMAN, and THOMAS A. E. PLATTS-MILLS 

Division of Allergy and Clinical Immunology, Department of Medicine, University of Virginia Health Sciences Center, 
Charlottesville, Virginia, and The Medical Center of Delaware, Wilmington, Delaware 


To investigate the role of indoor allergens in adult patients with acute asthma, we conducted a case-controlled 
study on patients presenting to an emergency room. One hundred and fourteen patients and 114 control 1 
subjects were enrolled over a 1-yr period in Wilmington, Delaware. Sera were assayed for total IgE. and 
for IgE antibodies to dust mites, cat dander, cockroach, grass polldn, and ragweed pollen; Dust was ob¬ 
tained from 186 homes and assayed for dust mite, cat, and cockroach allergens. IgE antibodies to mite, 
cat; and cockroach were each significantly associated with asthma, and this association was very strong 
among participants without medical insurance and among African Americans. Among 99 uninsured par- 
ticipants, sensitization to one of the indoor allergens (> 200 RAST units) was present in 28 of 57 asthmatics 
and in one of 42 control subjects (odds ratio, 39; confidence interval, 9.4 to 166). For cat and cockroach 
the combination of sensitization and presence of allergen in the house was significantly associated with 
asthma. Furthermore, there was a strong inverse relationship between IgE antibodies to cat and to cock¬ 
roach; and the risk of this sensitization was in large part restricted to homes or areas with high levels of 
allergen. Thirty-eight percent of the asthmatics, but only 8% of the control subjects, were allergic to one 
of the three indoor allergens, and had high levels of the relevant allergen in their houses (odds ratio, 7.4; 
confidence interval, 3.3 to 16.5). The results suggest that the risk for asthma related to sensitization to in¬ 
door allergens applies to a large proportion of adults with acute asthma and that this risk is prominent 
among the socioeconomic groups that have suffered the largest increase in both morbidity and mortality 
from i asthma. 


An increase m the seventy of asthma during the past 20 years 
has been observed in several countries, but it has been particu¬ 
larly marked in urban areas and among African American popu¬ 
lations in the United States (1-3)j Over the same period it has 
been shown that asthma is an inflammatory disease of the bron¬ 
chi characterized by eosinophil infiltration (4-6). In keeping withi 
this modtel of asthma, experimental exposure of the lungs of sen¬ 
sitive patients to allergens can release inflammatory mediators, 
recruit eosinophils, and increase bronchial reactivity f7-9) This 
has led to the argument that year-round exposure to allergens 
may be important as a cause of bronchial hyperreactivity Thus, 
it appears that the relationship between allergen exposure and 
asthma can be divided into two phases: exposure of genetically 
predisposed persons most commonly in childhood that leads to 
sensitization, and ongoing exposure of sensitized persons that 
contributes to chronic bronchial hyperreactivity (10-12). Given that 
most people spend 20 to 22 h i per day indoors and at least half 
this time in their own homes, it is not surprising that increasing 
attention has focused on the role of foreign proteins that accumu- 
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late in houses (13-17). During the last 10 years population and 
clinical studies from many different parts of the world have estab¬ 
lished that exposure to allergens derived from the dust mite Der- 
matophagoides pteronyssirtus is associated with sensitization and 
asthma (18-21). 

Most previous epidemiologic studies have not included a suf¬ 
ficient number of asthmatics with acute disease to answer whether 
sensitization to indoor allergens was relevant to these patients. 
For this reason it is often implied that allergen exposure is rele¬ 
vant only to mild or seasonal asthma. Our previous study in 
Charlottesville, Virginia showed that sensitization to indoor aller¬ 
gens was associated with asthma (16). However, that study did 
not include any results on allergen exposure. Indeed, there has 
been no quantitative data relating exposure to indoor allergens 
other than dust mite to asthma. Furthermore, there has been very 
little data on the levels of allergen in houses of lower income pa¬ 
tients. Recently, monoclonal antibodies to cat and cockroach al¬ 
lergens have been developed so that it is now possible to mea¬ 
sure allergens derived from three separate sources in house dust 
(22-25). The present case control study investigated serum,IgE 
antibodies and the levels of allergen in the houses of random adult 
asthmatics presenting to hospital emergency rooms in Wilming¬ 
ton, Delaware. The catchment area for these patients included 
both inner city and suburban zones. 

METHODS 

One hundred and fourteen patients 15 to 55 yr of age who presented to 
either of two emergency rooms in Wilmington with asthma were enrolled 
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between September 1988 and June 1989 An equal Inumber of age* and 
sex-matched control subjects were enrolled who presented to the same 
two emergency rooms (ER) within 1 iwk of the patients with any condition 
other than breathlessness. Demographic data on the patients and con¬ 
trol subjects (including details of medical insurance and smoking history) 
were taken from the hospital charts and from a questionnaire completed 
in the ER and confirmed at house visits. Asthmatics were patients pre¬ 
senting to the ER with breathlessness for whom the physician on call! 
prescribed urgent treatment for airway obstruction. Airway obstruction was 
confirmed in all cases by measurement of peak expiratory flow rate, and 
in 110 cases reversal iof obstruction was confirmed by > 20% increase 
after therapy. Peak expiratory flow rates were measured before and after 
treatment: for the 114 asthmatics values were 193 ± 99 and 320 ± 126 
Umm (Arithmetic mean ± SD). respectively. 

Serum was obtained from each subject and was assayed for total IgE 
and tor specific l£E antibodies. Total serum IgE levels were measured 
by two-site monoclonal-antibody-based assay; the geometric mean value 
for the patients with asthma was 160 lU/ml. and for the control subjects 
it was 44 lU/ml (paired f test; p < 0.001) Among the asthmatics, only 21 
had total serum IgE < 40 lU/ml, whereas 59 control subjects had levels 
below this. In keeping with previous studies, the increased levels of IgE 
were present in alt age groups (16. 26). IgE antibodies were measured 
by a quantitative RAST technique using allergen extracts coated to cy¬ 
anogen bromide activated cellulose discs as described previously (i6): 
The allergens used were dust mites (D pteronyssmus and D. fannae). cat 
(Fehs domeshcus) epithelium. cockroach extract (German. American and 
Oriental mixed), short ragweed pollen, and rye grass pollen. Extracts were 
obtained from Hollister* Stier (Spokane, WA). For each allergen the ex¬ 
tract applied to the discs was standardized by measurement of major al¬ 
lergen content of the extract (16). Values lor IgE antibodies were obtained 
from a standard curve using serial dilutions ol a serum containing 1.000 
units of IgE antibodies to D fannae. Horse serum (50%) was used as a 
diluent to reduce nonspecific background. Preliminary studies confirmed 
that horse serum did not inhibit binding to any ol the allergens studied. 
The units are standardized relative to an antimite serum pool (NlBSC 
82/528). which contains 1800 RAST units of IgE antibodies to D. fannae ; 

1 RAST unit equals approximately 0.1 ng of IgE antibody (16. 27) In addi¬ 
tion. the sera were assayed for IgE antibodies to the fungi Atiemana and 
Aspergillus. using commercial (HotlisterrStier) extracts; the results for these 
fungiiwere scored on a semiquantitative basis, and 2+ results were re¬ 
garded as positive. 

The houses of 93 patients and 93 control subjects were visited within 

2 wk of enrollment in the study. By examining the housing conditions, 
it was possible to differentiate urban, fe., predominantly overcrowded or 
rundown housing, from suburban housingj The urban boundary of Wil¬ 
mington (an area of approximately 35 square miles) was defined by a long¬ 
time resident of New Castle County with extensive knowledge of local 
demographics. The area included the whole of postal areas 19701.19720. 
19801, 19802.19805. and 19806. and it also included sections of 19804 
and 19808 extending approximately half a mile on either side of route 2 
Four dust samples were collected from each home using a handheld 
Douglas* vacuum cleaner modified with a cotton filter. The samples were 
obtained from bedding, bedroom carpets, sofas, and kitchens. The kitchen 
samples were obtained by vacuuming the accessible cabinet space above, 
below and adjacent to the kitchen sink and the surface of the floor adja¬ 
cent to the kitchen cabinets. The remaining samples were collected by 
vacuuming a 1 square meter area for 2 min. Families were questioned 
about, and houses were examined for, the presence of cockroaches. Dust 
samples were assayed tor Group I dust mite allergens (Der M and Der 
p I). cat allergen (Fel d I). and for a German cockroach allergen; BlatteUa 
germanica allergen II (0/a g II), using two-site, monoctonai-anlibody-based 
ELISA (23-25) The details of the assays have been reported elsewhere; 
the detection limits for the assays were 0.2 ug/g for Der p I and Der f I, 
0.2 ug/g for Fatd I, and 05 umts/g for Bta g II. In analyzing the results 
the highest level for each allergen (out of four samples) in a house was 
taken as an index of exposure to that allergen (10). Cutoff values for con¬ 
sidering levels as significant were chosen based on previous results and 
the present study; for cat allergen > 6 ug Fei d \fg dust; lor cockroach 
allergen > 2 units Bla g H/g dust, for dust mite allergen > 10 ug Group 
I mite aliergen/g ot dust (10). 


Odds ratio was calculated as the odds of disease occurring .n per¬ 
sons with lt)E antibodies, relative to the odds of disease occurring in those 
without IgE antibodies Analysis of the data for sensitization ana allergen 
exposure was tor unmatched data since not all the houses were visitec 
Values for etiologic fraction (defined as the proportion of all cases in the 
target population attributable to a given risk factor) were obtained using 
the equation proposed by Schlesseiman (28) 


RESULTS 

Sensitization and Relationship to Other Demographic Factors 

Measurement of serum IgE antibodies by RAST demonstrated that 
for each of the five common inhalant allergens the prevalence 
of sensitization was greater among asthmatics than amongcorv 
tro! subjects (figure 1) As expected for atopic persons, some pa¬ 
tients (and control subjects) had IgE antibodies to multiple aller¬ 
gens. Sensitivity (defined as IgE antibody > 40 RAST units) to at 
least one of the five inhalants was present in 83 of 114 astnmatics 
and 42 of 114 control subjects. For the three indoor allergens results 
for IgE antibodies were analyzed at levels of 40 and 200 RAST 
units, and the results for uninsured participants and fori African 
Americans were analyzed separately (table 1), The results show 
that in these groups there was a very strong association between 
sensitivity to indoor allergens and asthma. In particular, for the 
uninsured, there were 28 asthmatics with > 200 units of IgE anti¬ 
body and only one control subject with a comparable level (odds 
ratio, 39; confidence interval, 9.4 to 166), In addition to race and 
insurance status, information was available a bout the geographic 
location of housing. Geographic location, race, and insurance sta¬ 
tus were each strongly related to each other, and this applied 
equally to asthmatics and control subjects (table 2); For example, 
in i the urban area among the uninsured, 48 were nonwhite and 
13 were white. By contrast, in the suburban area among the in¬ 
sured, 78 were white and 11 were nonwhite. Smoking histones 
showed no relationship to disease. Among 49 patients who pre¬ 
sented with asthma and who had no detectable IgE antibodies 
to one of the three indoor allergens, 23 were active smokers and 
seven were passive smokers (overall. 61%). The figures tor smok¬ 
ing were very similar among all asthmatics (66 of m or 58%) 
and also among the whole population (139 ot 228 or 6i%). 
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Figure 1 IgE antibodies to five common allergens >n sera * f om m pa¬ 
tients presenting with asthma {dosed circles) ana 'i* age ano sex- 
matched control subjects (open circles). The numbers give** below the 
level of 40 units/ml are the numbers ot patients ana conuoi suD»ects with 
less thanithis level. The RAST units ot IgE antibody are approximately 
equivalent to 0.1 ng IgE. 
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TABUE 1 


SENSITIZATION TO ONE OF THE INDOOR ALLERGENS AMONG ASTHMATICS AND CONTROL SUBJECTS’ 




Alt Patients 

Uninsured 

African American 




Control i 


Control 


Control 


RAST 

Asthmatics 

Subjects 

Asthmatics 

Subjects 

Asthmatics 

Subjects 


[units) 

(n - 7 74) 

<n - 7 74) 

(h ■ 57) 

(n • 42) 

W>-* 4$) 

(ft » 42) 

Sensitization,to one of 

> 40 

65 

23 

34 

8 

32 

10 

throe indoor allergens 

> 200 

44t 

5 

26 

1 

26 

1 


' Sensitization was \u&j9C by serum lg£ antioodt** and avakiaiM at fever* of > 40 and > 200 PAST uniu/ml 

1 Among patterns with > 200 RAST units specif* tor at laast ona of th# live# moot* allergens. m# results tor asmmsucs and control soDfacts 
wort milt 24 4. cat 1*1 cocaroacn. 16 V 


Concentrations of Dust Mite, Cat and Cockroach Allergens in 
House Dust 

Dust samples were obtained from 186 houses (four samples per 
house): 93 asthmatics and 93 control subjects. Of the 186 houses 
studied 98 had greater than the proposed threshold levels of cat 
or cockroach allergen: Fifty-seven houses were found to have 
significant cat allergen (> 8 pg Fei d l/g dust) (table 3); 75% of 
these houses were in the suburban area, and only 25% were in 
urban locations. In contrast, ot 68 houses with cockroach aller¬ 
gen^ 2 units Bid g ll/g dust), 84% were urban, and only 16% 
were suburban. This difference was highly significant statistically 
(chi-square, p < 0.001). Only 46 of the houses contained greater 
than 10 pg Group I mite allergen/g, and there was no significant 
difference between urban and suburban houses (p * 031). In keep¬ 
ing with previous results, the highest levels of mite allergen were 
most commonly found in bedding (32%) or in living rooms (48%):; 
in only 3% of houses was the highest level of mite allergen found 
in the kitchen. By contrast, the highest levels of cockroach aller¬ 
gen were generally found in the kitchen samples (i.e., in 53 of 68 
houses or 70%) (figure 2). Ih analyzing the results, the levels of 


allergen in dust were taken as an index of exposure: 66% of con¬ 
trol subjects and 74% of asthmatics had significant exposure to 
one of the three indoor allergens. These results suggest that cur¬ 
rent exposure alone was not a major risk factor for asthma. 

Exposure and Sensitization 

Among the 15 participants with both exposure to cat allergen and 
sensitization (> 40 RAST units/ml), all but one presented with 
asthma (estimated odds ratio, 163; confidence interval. 3.4 to78) r 
Similarly, among the 19 with both sensitization (> 40 RAST units/ml) 
and exposure to cockroach, 16 presented with asthma (estimated 
odds ratio, 6.2: confidence interval. 13 to 195): Comparable figures 
for mite sensitization and exposure were 11 asthmatics and three 
control subjects. A striking feature of the results was the inverse 
relationship between cat and cockroach allbrgen levels (table 4). 
and the complete lack of relationship between IgE antibody to cat 
and cockroach allergens (tablfe 5). By contrast, among patients 
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TABLE 2 

DEMOGRAPHICS OF PATIENTS ENROLLED IN THE STUDY 


Location 


Race* 

Insurance^ 

Urban 

Suburban 

White 

No 

13 

29 


Yes 

20 

78 

Nonwhite 

No 

48 

9 


Yes 

20 

11i 


’The nonwhrt* patents mctudad %a Htsoamc* 

t Insurance status was oenvaa from fmoxti racoraa; 11 patwms with Medicaid wars tncioo 


*0 With umnsured but on* patient wifri Medicare was included as insured 

TABLE 3 

LEVELS OF CAT ALLERGEN IN HOUSES WITH OR WITHOUT 

CATS PRESENT* 

Cat Allergen Ferf d it 


No Cats in 

\mq/q dust) 

Cat Present 

the House 

>80 

37 

(1918) 

0 

>e-K 80 

12 

8 


(84) 

(3:5) 

> l-< 8 

0 

54 

(26 28) 

4 ^ 

0 

75 

(37 38) 


* Vaiuas in parentheses irxlicats ma number of patients and control $uD|*cts. rasoacrvtiy 
,r > *»cn category 

r Values for cat allergen war# m# pugnast levef found m any samp*# from tha nous# 
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Figure 2. Levels of cockroach allergen 8/a g II (umts/g dusiLtn dust ob¬ 
tained from 186 houses. In general, houses with visual evidence of cock¬ 
roach infestation (closed circles) or reported infestation ,{c/osec soufl/es) 
had raised levels Ot allergen. However, cockroach allergen at nign levels 
was found in some houses with no signs of infestation or report oi mfesta< 
tton (open circles). 
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TABLE 4 

COCKROACH (fi/A g II) AND CAT (ft/ d I) ALLEPGEN LEVELS IN 
DUST PROM THE HOUSES OP PATIENTS AND CONTROL SUBJECTS* 


Hignest Level ot Cal Allergen ft/ tf I 


Hignest Level of 

Cocnroach Allergen Bia g II 
(uruts/g) 1 

< 6 

W9) 

» B 

> 80 

( »9*9 ) 

> 20 

33 

2 

2 


(IB: 15) 

(ID 

(2:0) 

* 2^< 20 

23 

5 

3 


(16:7) 

(*2) 

(03) 

< 2 

115 

13 

32 


(50 65) 

(76) 

(1715) 


* Values »or each aitorgen are m each cast the mgnest tov*i found m any tempt* from the 
house The prooaoihty oUindmg > 2 units Ot cockroach allergen was mv*r*#fy related to me 
concern ration ot cat allergen, p < 0001 usmg cht-sauare test tor trend Values m paranmeses 
motcatt me nompet of patterns and control subjects m each group 


TABLE 5 

SENSITIZATION (SERUM IgE ANTIBODY) TO COCKROACH AND CAT 
ALLERGEN AMONG PATIENTS AND CONTROL SUBJECTS' 


IgE Antibody 10 

Cockroach Allergen 
(PAST uw«/m/) 

IgE Antibody to Cat Allergen* 

< 40 

(RAST umfs/m/) 

> 40-< 200 
(RAST unrfs/rrr/) 

> 200 
{RAST 

b 200 

14 

2 

1 


(13:1)! 

(2:0) 

(1:0) 

> 40—< 200 

12 

2 

1 


(6:6) 

(2:0) 

(V0) 

< 40 

160 

19 

17 


(59:101) 

(H:5) 

(16 1) 


* Serum ig£ antibodies measured by PAST The units are approximately eouat to 0 1 <ng IgE 
antfbody values m parentheses indicate the number ot patients and control subjects, respec¬ 
tively m each category 

t The probaoiiity ot tinomg sensitization to cockroach allergens (> *0 units) was unrelated 
(p • 0 8) to tne presence ot sensitization to cat By contrast among patients with sensitization 
to m>te atiergen. there was a significant increase m sensitization to either cat (p < 0 Ot > or cocn> 
roacn auergen (p < 0 00t) 


with sensitization (Le., > 40 RAST units/m!) to mite allergens, there 
was a significant increase in sensitization to cat (p < 0.01) or to 
cockroach allergen (p < 0.001, chi-square). Comparing urban and 
suburban areas, it was clear that the combination of cat exposure 
and sensitization was associated with asthma in the urban area 
(table 6). As discussed previously, race, insurance status, and geo¬ 
graphic location were each interrelated, and this applied also to 
asthmatics. The combination of sensitization and relevant ex- 
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posure to at least one of the indoor allergens was found .n 35 cf 
93 asthmatics and seven of 93 control subjects. When this com* 
bination was analyzed for uninsured patients the figures were 22 
of 48 asthmatics and two of 20 control subjects (Odas ratio. 7:6, 
confidence interval, 1.8 to 31). 

DISCUSSION 

There are many factors that can contribute to bronchial hyper¬ 
reactivity or trigger acute attacks of asthma among patients with 
underlying BHR. The present study was designed to investigate 
the role that indoor allergens play in asthmatics presenting to 
hospitals, particularly among uninsured and/or urban populations 
Wilmington was chosen because it is one of the larger towns in 
the United States where it is easy to visit houses in the urban area. 
Other risk factors were not addressed, e.g., air pollution, dietary 
factors, and the role of acute viral infections. Our study was not 
designed to study the effect of outdoor air pollution since the pa¬ 
tients and control subjects were enrolled within a few days of each 
other. However; analyzing the admission figures for the Wilming¬ 
ton hospitals did not indicate peaks that could be related to 
changes in air pollution. Smoking histories showed no relation¬ 
ship to asthma in our study population. This is in keeping with 
the results of a recent population study in the United States (26); 

The allergens studied here were chosen both from the results 
of skin testing in clinics in Delaware and Virginia and because 
it is possible to measure dust mite, cat. and cockroach allergen 
in house dust. There are many other allergens that also may play 
a role in individual cases. We found a significant number of pa¬ 
tients with sensitivity to Attemana (15 patients and five control sub¬ 
jects), and this may be an underestimate because enrollment was 
predominantly in the fall and spring, i.e.. not the peak period for 
Alternana spores (29); We consider, based on the results of skin 
testing, that other outdoor allergens are unlikely to account for 
more than 10% of cases in this area. 

In analyzing the relationship between asthma, sensitization; 
and exposure, it was necessary to define thresholds bothifor IgE 
antibodies and allergen levell The reason for a cutoff of 40 RAST 
units for IgE antibody was primarily to exclude effects of total IgE 
on RAST background (16). Ufcing a higher cutoff, he.. 200 RAST 
units, increased the specificity but reduced the sensitivity of the 
association between indoor allergens and asthma. The level of 
mite allergen in house dust that increases the risk of symptom¬ 
atic asthma (> 10 ug Group I ailergen/g) was proposed by an in¬ 
ternational workshop, and it has been reaffirmed by several re- 


TABLE 6 

GEOGRAPHIC SEPARATION OF THE RISK FOR ASTHMA ASSOCIATED WITH 
CAT AND COCKROACH EXPOSURE AND SENSITIVITY 




Cockroach 



Cat 



Exposure* 

IgE abt 

IgE ab & 
Exposure* 

Exposure* 

IgE abt 

IgE ab & 
Exposure* 

Urban area 

Asthmatics, n - 43 

32 

16 

15 

8 

12 

4 

Control subjects, n - 38 

21 

4 

3 

6 

0 

0 

Suburban araa 

Asthmatics, n - 50 

8 

5 

1 

22 

16 

10 

Control subjects, n. • 55 

7 

1 

0 

21 

5 

1 


* Exposur* to cockroach was considered to 0* presem »r» houses wrier# at toast on* dusi sample had > 2 units 8to 9 tl/g dust Exposure to cat 
aH*rg*rt was considered to D* pr*s*nt wrier* at toast on* samoto had > B ug P#/ d l/g dust 

1 tgE antibody (tgE ab| levels > *0 units/ml war* considered 10 represent *9 ml earn sensitization 

* Th* association between sensitization and axpoaura to cockroach attorgan and asthma was significant m tha urban area (p < 0 06) but not m 
the suburban ar»a Th* association be t ween sensnizaton and exposur* to cat alter gen wax significant m the suburban area ip < 0 06) but not m 
the urban area Th* difference between the resuns for th* two attorgens was rughty significant (p < 0.001) 
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cent studies (10:12. 20. 30), The levels of mite allergen found in 
the houses were lower than we had expected, probably because 
the summer of 198B was very dry. The value used for cat allergen 
8 ug/g is a level at which almost all patients allergic to cats ex¬ 
perience symptoms and it is the minimal level found in a house 
with a cat. This value has been reported in several studies, and 
it could be taken as a proposed threshold The level for cockroach 
allergen was based on sampling approximately 350 houses in 
Charlottesville. Virginia; Atlanta. Georgia; and the present study 
as the level that best distinguishes significant cockroach infesta¬ 
tion. The relevance of these proposed thresholds for cat and cock¬ 
roach exposure is supported by thfc inverse relationships seen 
in tables 4 and 5. Thus, patients who are exposed to cat allergen 
generally have < 2 units S/a g II cockroach allergen in their house 
dust, and they do not become sensitized to cockroach allergens. 
Furthermore, none of 65 children in England who were followed 
for 10 yr developed IgE antibodies to cockroach allergens, and 
none of the dust samples contained > 2 units S/a g I (12.25). Simi¬ 
larly, patients who live in the inner city have less than threshold 
levels of cat allergen, and they generally db not develop sensitiv¬ 
ity to cat allergen. The clinical significance of threshold levels is 
increased because it is possible to change the levels of allergen 
in houses. Mite allergen levels can be controlled either by house 
design (e.g.. no carpets, low humidity, good ventilation) or by a 
combination of physical measures and the use of acaricides (22. 
31), For cat allergen it appears that the factors influencing airborne 
allergen, and methods of reducing exposure, are completely differ¬ 
ent from those for dust mites. Recent evidence suggests that it 
is possible to reduce cat allergen levels even with the cat present 
(32.33): It is important to evaluate whether the available methods 
for killing cockroaches can reduce alldrgen levels below 2 units/g. 

Although it is not possible to prove that the relationship be¬ 
tween sensitization to indoor allergens and asthma is causal, the 
evidence increasingly suggests that exposure to indoor allergens 
is a major cause of asthma, First, the association between asthma 
and sensitization has been consistently reported from many parts 
of the world, and it is extended by our data from Wilmington and 
Charlottesville to patients presenting with acute asthma. Second, 
the association is very strong (see table 1). Third, it is well estab¬ 
lished that inhaling dust mite, cat, or cockroach allergens ex¬ 
perimentally can provoke both bronchospasm and inflammatory 
changes in the lung. Finally intervention studies have demon¬ 
strated improvement in asthma when patients have been moved 
to an environment with low allergen levels, or their houses have 
been changed (10, 22, 34 )j The present results do not establish 
a role of current exposure to indoor allergens since the levels of 
cat and cockroach allergens were probably stable and the mite 
allergen levels did not show their normal seasonal rise in the fall 
of 1988. However, the results do demonstrate for the first time that 
many of the patients presenting to the ER were both sensitized 
to and had exposure to a relevant allergen in their homes. Thus, 
~ although sensitization is strongly associated with asthma, and 
there is a quantitative relationship between exposure and sensiti¬ 
zation, the present data do not establish, or refute, a quantitative 
relationship between current exposure and the risk of acute asthma 
among sensitized persons. Indeed, our results could equally be 
explained if chronic exposure to indoor allergens maintained bron¬ 
chial hyperreactivity and acute attacks were precipitated either 
by a large dose of allergen or a variety of other “trigger factors," 
including viral infection, tobacco smoke, emotional factors, etc. 

Using the Wilmington and previous Charlottesville data, and 
assuming that the control population in the ER reflects the popu¬ 
lation from which the asthmatics came, we used the equation for 


etiologic fraction proposed by Schlesseiman (28); For tnese cal¬ 
culations the results of two ER studies were comtunec sc tnai 
values are based on 188 asthmatics and 202 control suojects 161 
Sensitization to one of the five allergens gave an etiologic frac¬ 
tion of 46%, whereas sensitization to one of the indoor allergens 
gave a value of 40%, The populations New Castle County be¬ 
tween the ages of 15 and 55 yr is estimated to be 256.000. wmcn 
is ~ 0.1B% of the population this age in the United States (35); 
During the year ending May 1989. 663 patients were treated for 
acute asthma in the Medical Center of Delaware, which we esti¬ 
mate was two-thirds of the cases treated in the County. These 
figures suggest that there may be as many as 550.000 ER visits/ 
year in the United States among people 15 to 55 yr of age. From 
the calculated etiologic fraction, i.e.. 40%, this suggests that 
among this age group as many as 200.000 episodes of acute 
asthma/year might be attributable to that risk which is associated 
with sensitization to mite, cat, or cockroach allergens. Our results 
suggest that among African American or uninsured adult patients 
the risk associated with indoor allergens is at least as strong as 
in the whole population. Furthermore, similar data for children 
with asthma in an inner city have recently been reported (36), Given 
the evidence that the prevalence and mortality of asthma in inner 
cities is both higher and increasing, it is clearly important to iden¬ 
tify potentially treatable causes of asthma in this population. Our 
results suggest that housing conditions play an important role in 
asthma among lower income populations, and they also imply that 
recognition of this risk and education about methods of reducing 
it should be part of the management of the disease. 
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Editorial 



Environmental Tobacco Smoke: Causative Agent 
or White Elephant? 


THE POSSIBLE EFFECTS of environmental tobacco 
smoke (ETS) continue to be of concern to researchers, 
public health administrators, and the general public. In 
this issue, Roy J. Shepard presents a review of respira¬ 
tory irritation and ETS. He concludes, primarily on the 
basis of experimental: challenge studies, that ETS causes 
only small, immediate changes in respiratory function. 
However, he finds that evidence, derived mainly from 
epidemiological studies, suggests that these acute 
changes may progress to chronic reactions and an in¬ 
creased prevalence of chronic respiratory disease. The 
review is a logical interpretation of the literature, and 
the conclusions accord with those of previous reviews/ 
the official policy, and public opinion. 

Can we see, in spite of this, any clouds on the 
horizon? When most scientific data are considered, 
and perhaps particularly data from epidemiological 
studies, expert opinion may be divided. From a scien¬ 
tific point of view, it is extremely important that such 
diverse opinions—in this case, on ETS and respiratory 
disease—continue to be discussed, regardless of 
whether they support the Environmental Protection 
Agency, the tobacco industry, or the politician. Only 
by presenting sound 1 scientific data and continuously 
scrutinizing its validity can proper public health 
measures be recommended, evaluated, and revised. 

As a toxicologist, I have always been concerned by 
the rather extensive damage to the lungs attributed in 
some studies to ETS exposure. In the 1960s, it was 
demonstrated in animal experiments, by Green et al. 2 
and ourselves, 3 that the lung's defense mechanisms are 
capable of sustaining relatively high doses of inhaled 
agents—including live bacteria—before damage oc¬ 
curs. Subsequent experiments on tobacco smoke 4 
demonstrated that, at low levels of exposure, there may 
even be a stimulating effect on the immune function. In 
this perspective, extensive pulmonary effects from the 
rather low level* of ETS exposure found in some studies 
can be questioned. 

I am also concerned as an epidemiologist. In the lit¬ 
erature, a wide range of disparate health conse¬ 


quences, including breast cancer and other diseases 
unrelated to active smoking, have been associated sta¬ 
tistically with ETS exposure/ The biological I plausibility 
that ETS causes such a wide variety of effects, and par¬ 
ticularly effects not found to be associated with active 
smoking, must be rather low. Also, for certain diseases, 
e.g., cardiovascular disease, the increased risk related 
to ETS is of about the same order as that related to ac¬ 
tive smoking. 

Could it be that we are committing a fundamental er¬ 
ror by placing ETS in the category of a causative factor, 
when in reality we may be studying a confounder? 
There are two aspects to this issue. First, the general 
problem of confounding becomes particularly impor¬ 
tant in studies of weak associations, or low-risk agents 
such as ETS. This was reviewed extensively by Wynder 5 
several years ago. With regard to respiratory infections 
and ETS exposure, the classic study from Jerusalem 6 
demonstrated that social factors were three to four 
times more important than ETS exposure, although the 
latter was significantly related to the disease. In all 
studies on weak associations, the major causative fac¬ 
tor must be very precisely described before any certain 
conclusions concerning less important factors can be 
drawn—a task that has not been carried out successful¬ 
ly in several of the studies reviewed. 

The second aspect relates to new confounders that 
were unknown at the time of the different studies. 
There is increasing evidence that dietary habits are re¬ 
lated to several kinds of respiratory disease, including 
lung cancer and chronic bronchitis. 78 Evidence also ex¬ 
ists that smokers' diets differ from nonsmokers', and 
there are studies that suggest these differences are pres¬ 
ent in nonsmoking females, whether married to smok¬ 
ers or nonsmokers. 9 Consumption of fat or smoked 
foods increases the risk; vegetable and fruit consump¬ 
tion decreases it. 

It is too early to conclude how these possible con- 
founders, or any other potential confounders, could inr 
fluence the conclusions drawn in Shepard's review. It 
will be interesting, however, to see how well they stand 
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up to critical assessment in 5 or 10 y, when results are 
available from ongoing studies that include dietary 
habits. 

Ragnar Rylander 

Department of Environmental Medicine 
University of Gothenburg 
Gothenburg, Sweden 
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ABSTRACT 


A series of analyses that we have conducted to dale reveal Utile to no consistency 
from study to study in the association between parental/household smoking and 
specific respiratory* endpoints (such as prevalence of cough, wheeze, asthma, or 
bronchitis) or pulmonary function parameters (such as FEV,, FEF^, and Vmax^ 
in school age or older children. We have suggested that these inconsistencies could 
reflect variability in the potential confounders that were considered in the studies in 
question. Accordingly, we have been examining the extent to which 21 pre¬ 
determined potential confounding vanables were addressed in the 45 clinical 
endpoint and 38 pulmonary' function endpoint studies in question A previous report 


313 




Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 


C9S0TSC202 



ETS Exposure, Confounding Variables andjtespiratory Health m r *. . £75 Exposure, Confounding Var 


examined 5 of the variables, the current report pertains to ,h 

analysis reveals that there is a wide variation in'tfw^en^L??* 1 '* 8 *' 

confounders under examination, most noublyfarnijysiae loa^i^ **' “*' U - v 

of the subtea; active smoking, outdoor pollution, dampness ° fr “'^ rk; ' ** 

heaung/air conditioning, and quality of housing Seleaedronf 0<! - 'T* * 

to be consistently associated ^maeas^SencTo^ D t^ “ ***^ 
disease (malt gender), increased pulmo^Won^a,,? 0 '^^ 0 ^ ^ 
decreased pulmonary function (active smoking, location of TOidencel ~ 

to associations between clinical and pulmonary function eS * lth r 'P‘ :1 
semainmg confounders examined here, associations were either not^W^ 5* 
uncertain nature, or could not be determined. The lack of standards. ' ° ^ 
treatment of confounding variables, as well as the apparent influent ?° n “ 1 the 

association between parentalhousehold smoking and respiratoty £L. ‘I 
pulmonary function endpoints in school-age and older children. 


INTRODUCTION 


We recently reponed an updated and expanded analytical review of * 
literature pertaining to the relationship between parental/household smok - 

older S rMH 8ate f °u ^ “P 05 ^ and the respiratory system of school-age“' 
der children, which involved 4o clinical endpoint studies and 38 pulmonar 

function endpoint studies [1], As in our earlier analyses that had been done o 

as er, more limited database [2,31,, this recent analysis indicated little to n 

consistency from study to study in the association between this surrogate for ET 
exposure and specific respiratory endpoints (such as prevalence of couzt 
wheeze^ asthma, or bronchitis) and such pulmonary function parameters i 
PEVj, FEFj^, and Vmax^ [I], 

Since potential confounding variables (i.e., other factors that might co-vai 
with the independent variable) are recognized as important factors that can affei 
the outcome of an epidemiologic study [4-6], we have suggested that this lac 
of consistency could reflea the variability with which potential confoundei 
were considered in the studies in question [1-31. We have also suggested th 
the lack of verification by physician examination or medical records of parent 
responses to questionnaires regarding specific respiratory symptoms an 
diseases could contribute to inconsistencies observed from study to study wit 
regard to clinical endpoints [1-31. 


As a result of these considerations, we recendv initiated further analyses to 
determine the extent to which 21 pre-determined confounding variables were 
addressed m the 45 clinical endpoint and 38 pulmonary function endpoint 
studies in question, as well as determining the frequency with which clinical 
endpoints were verified (i.e., by medical examination or medical records) in the 
former. An initial report of this further analysis dealt with the frequency with 
which these clinical endpoints were verified, the frequency and consistency with 


( 21 confounders were • 

a and effects) pertaining to 5 i 
. status, gas stove usage, other 
_ j npr^onai health 


The 45 clinical endpoint studies a 
under examination correspond to th- 
The 21 potential confounders undei 
variables considered in the paper 
studies, as well as from factors that i 
direct or indirea effea on the respi 
designated with an asterisk were cor 
remainder are considered here. 


Table 1. Potential Confounders Cor 
Household Smoking and 
of School-Age and Older 

1. Socioeconomic status 

2. Gas stove usage* 

3. Family health history 

4. Subject's personal health history 

5. Infant feeding (breast vs bottle) 

6. Outdoor pollution 

7. indoor poQuuon (other than gas stove usz 

8. Day care use 

9. Family size 

10. Animal exposures 

11. Stress___ 

* Potential confounders considered in p: 


As described previously (7), a pr 
relevant information from each c 
confounders were regarded as hav 
enteria were fulfilled: Dtheauth 
be homogeneous with regard to a 
parental/household smoking) and 


314 

2023510564 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 



■ wealth in Children 


ETS Exposure, Confounding Variables and Respiratory Health in Children 
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> n , influence of certain of 
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n this surrogate for ETb 

ch as prevalence of coug > 
Iry function parameters as 

net factors that might c^ 

ShlStnual'Confounto* 
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nation or medica 
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which these 21 confounders were considered, and specific details (such as 
criteria and effects) pertaining to 5 individual confounders, namely socioeco¬ 
nomic status, gas stove usage, other forms of indoor pollution, family health 
history, and subject's personal health history [7], The current report deals with 
an analysis of the 16 remaining confounding variables. 

MATERIALS AND METHODS 

The 45 clinical endpoint studies and 38 pulmonary function endpoint studies 
under examination correspond to those reviewed in previous reports (1-3,7-751. 
The 21 potential confounders under examination (Table 1) were derived from 
variables considered in the papers under review and other epidemiologic 
studies, as well as from factors that intuitively seemed likely to have a potential 
direct or indirect effect on the respiratory system. As shown in Table 1, those 
designated with an asterisk were considered in our previous report [7J, while the 
remainder are considered here. 

Table 1 Potential Confounders Considered in Epidemiologic Studies of Parental/ 
Household Smoking and Respiratory Health and Pulmonary Function 
of School-Age and Older Children! 


1 Socioeconomic status' 

|2 Gas stove usage' 

3 Family health history' 

4: Subject s personal health history* 

5 Infant feeding (breast vs. bottle) 

6 Outdoor pollution 

i~ Indoor pollution (other than gas stove usage)* 

8 Day care use 

9 Family si 2 e 

10 Animal exposures 
H. Stress 


12 Dampness and cold 

13 Type of heating and presence of air oonckwrung 

14 Season 

15 Occupational exposures of subject (±rea or indirect) 

16 Quality of housing 

1 ”; Nutritional sums of subject 

18 Residence location 

19 Age of subject 

20 Gender of subject 

21 Active smoking by subject 


j, Potential confounders considered in previous report 1?] j 

As described previously [71, a protocol was employed to systematically extract 
Levant information from each of the studies under examination. Potential 
founders were regarded as having been addressed if any one of the following 
v r * 3 Were ^ u ^ e< ^ : t) the authors of the study considered the population to 
Homogeneous with regard to a potential confounder, 2) the exposed (e g, to 
--eruai/household smoking) and nonexposed subjects were said to be matched 
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with regard to the potential confounder, 3) statistical adjustment m 
the potential confounder; or 4) it was regarded in the study as an mdS--.'. 

The following information pertaining to potential confounding vanahi 
tabulated; 1 ) what criterion (or criteria) was (were) employed for each do, ’ * * 
confounders; 2) whether a statistically significant association was looked 
between a potential confounder and an endpoint and, if so what was •-" 
direction of this association; and 3) whether there was evidence of doss h ! 
interaction between the potential confounder in question and other potent 
confounders (including parental/household smoking) that influenced the -•••' 
come of the study. From this tabulated information, the consistency from oaw 
to paper relative to each item was determined. ^ 

In two instances, the Park and Kim study (34, 35) and the Stem et al studv 
[40,41)! basically the same data, slightly updated, was reported twice. Althouc- 
each of the reports is cited, for each study the two reports are consideredt; 
represent a single study in the following tabulations. 


RESULTS 


Table 2. Consideration of Family Size in Studies of Parental/Household Smoking 
and Respiratory Symptoms and Disease of Older Children 6 


Published Study 

Parameter 

Association of Parameter s.» 

Colley. 1974 [ 9) 

number of siblings 

associated with increased 
respiratory symptoms 

Lebowitz/Burrows. 1976 (10) 

family size 

none reported 

iSaidet ah. 1978(12] 

number of siblings 

associated with decreased 
prevalence of adenordectomy 
and tonsillectomy 

Tageret a)., 1979(15) 

number of persons per 
room comparable in exposed 
& nonexposed households, 

! comroled for sibship size 

NA (matched) 

Weiss et al.. 1980 [171 i 

density of persons per room 

none observed for wheeze 

Bonham/Wilson; 1981 (18) 

number of adults in household 

none observed for restricted 
activity due to respiratory 
illness of the child 

Dodge. 1982(19) 

avg size of household same 
for exposed and nonexposed 
sublets 

1 NA (matched) 

Gortmaker et ai.. 1982 (20) 

family size 

none reported 


published Study 


■^sr«zri9W(26i n 

tated 

■venh 

< 

txpos 

v^.19841271 

to. of 
hold 

Wueetal.. 19841281 

numb 

home 

Fergusson/Horwood. 1985 (291 

famil' 

H«wood«al,. 1985130) 

famil* 

Buithfiel et al., 1986 1321 

numi 

McConnochie/Roghmann. 

1986133) 

crow 

pres» 

ParloKici, 1986J 1988 154. 35) 

num 

num 

Suachan/Elton. 1986 (361 

4 or 
othe 


char. 

Wiliat, 19861381 

fam; 

Dijkstra et al.. 1988 M) 

1 

crov 

pos 

Somerville et al.. 1988 (461 

nun 

cro’ 

Angioni et al., 1989 14/1 

no. 

sar 


inc 

McConnochie/Roghmann, 

1989 150) i 

fan 

crc 

Neuspeil et al., 1989 151) 

lOC 


A. Family Size 

As shown in Table 2, seve 
endpoint papers that considered 
of persons/room; number of s 
as a dichotomized or continu- 
individuals occupying the subjt 
observed association be twee 
toms and/or diseases (1 / , 18,; 
observing either a positive 191 


316 


2023510566 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 



3 in Children 


ETS Exposure, Confounding Variables and Respiratory Health in Children 


djustment was made for 
rudv as an independent 


nf ounding variables was 
'.loved for each potential 
ociauon was looked for 
nd. if so, what was the 
as evidence of possible 
, UO n and other potential 
that influenced the out- 
e consistency from paper 


and the Stem et al. study 
reported twice. Although 
-eports are considered to 


-ental 'Household Smoking 

- Older Children 


. cuted with increased 

1 respiratory symP lcITto 
| none reported 
suited with deceased 

i prevalence of adeno.decto- 

I and tonsillectomy 

I >;a (matched) 


i 

: observed ior 
e observed for restr>-" f i: 

«v due to resp^» • 

:ss of the child 

(matched 1 


j none reported 

I 

I 


Published Study 

Parameter 

Association of ParamcteKs) 

Toshkin et aJ., 1984 (26) 

stated that family size was 
evenJy distributed among 
exposure groups 

NA (matched) 

Vogt, 1964 127) 

no of children in house¬ 
hold 

associated with decreased 
utilization of outpatient and 
inpatient care services at HMO 

Ware et al., 1984 (28)' 

number of persons living in 
home 

none reported 

Fergusson/Horwood; 1985 (29) 

family size 

none reported 

Horwood et al„ 1985 (30) 

family size 

none observed for asthma 

BurchFiel et a)., 1986 132) 

number persons in household 

none reported 

McConnochie/Roghmann. 

crowding in household; 

none observed for 

1986133) 

presence of older siblings 

asthma and wheezing 

Park/Kim, 1986, 1988 (34. 35)' 

number of family members, 
number of siblings 

none observed for 
coughing 

Strachan/EJtonj 1986 (36] 

4 or more persons in family; 
other children in family, more 
than 1 person/room 

none observed for wheeze, 
cough, respiratory^ illness 

WOlit, 1986 m 

family densiry no of siblings 

none observed for sore throats 

Dijkstra et al., 1988 (44] 

crowding of home and 
possession of own bedroom 

none reported 

Somerville et a).. 1988 (46) 

number of siblings; household 
crowding 

none reported 

Angionj et a) . 1989 (47) 

no. of people sleeping m 
same room as child; crowding 
index (no. people per room) 

none observed respiratory 
and nonrespiratory allergies 

M:Connochie/Roghmann. 

loon if ai 

family size and household 

none observed for asthma 

150] 

crowding 

or wheezing 

Neuspeil et al. 1989 151! 

crowding in home 

none observed for wheezy 
bronchitis 


^ Family Size 

As shown m Table 2, several criteria were variably employed in the 23 dinical 
papers that considered family size including: number of siblings; number 
-persons/room; number of adults in the household; crowding in the household 
^attotomizcd or continuous variable; presence of older siblings; and number of 
' spying the subject's bedroom. Of the 23 studies, 10 reported no 
-Ration between family size and prevalence of respiratory symp- 
SGS [17 ' 18 ’ 30133 ’ 34 ’ 35 > 36 ' 38,47,50,511. while 3studies reported 
geuher a positive (9J or a negative [22. 27) association. Three of these 
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studies were classified as matched [15, 19, 26] and 7 studies, designated * 
repotted”, provided no data pertaining to the presence or absence of an asv 
20, 28, 29,32,44,46). ^ f 

Table 3 shows that 13 pulmonary function studies employed such -re¬ 
number of siblings, number of persons/room, and number of persons m the • 
as indices of family size. Seven of these studies repotted no observed ass*- - 
between family size and pulmonary function [55,61,62,63,69,70,721 whiic 7"/ 
of the studies reported an observation of the existence of such an association F . • 
studies were classified as homogeneous or matched [15,19,26,67] and 2 sn. ■ 
repotted no data relative to this issue [28, 32]. 

Table 3. Consideration of Family Size in Studies of Parental/Household Smok:.- ■ 
and Pulmonary Function in Older Children 


Published Study’ 

Parameter 

Association of Parameters. j 

Leederet al., 1976 L55) 

number of siblings 

none observed for peak 
expiratory flow rate 

Tageret all. 1979 1151 

number of persons per room - 
comparable in exposed and 
nonexposed households, 
controlled for sibship size 

NA (matched) 

Ware et aJ.. 1984 (281 

number of persons living in home 

none reported 

Hasseibad ei al.. 1981 (61) 

density of people per room 

none observed for FEV 0 

Dodge. 1982 [191 

avg size of househould was 
same for exposed and non* 
exposed subjects 

NA (matched) 

Lebowitz et alJ, 1982 (62) 

family size 

none observed for FVC, FEV,, 
Vmax w , and Vmax^ 

Lebowitz et ali, 1984 [631 

family size 

none observed for family 
aggregation of pulmonary” 
function 

Tashkin et all. 1984 1261 

family size was evenly 
doaixifid among eqposure groups 

NA (matched) 

i 

Burchfiel et al;. 1986 (321 

family size 

none reported 

Chen/D, 1986 [67] 

avg household residential area 
per capita similar in exposed 
and nonexposed subjects 

NA (matched) 

Evans et al.. 1987 [691 

number of people in household. : 
number of people per room 

none observed for FEVy 

Martinez et al., 1988 [701 

number of persons in household 

none observed for bronchial 
responsiveness 

Murray/Momson. 1988 [721 

number of siblings 

none observed for baseline 
pulmonary fonaion and bronchial 
responsiveness in asthmatics 
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s. designated as “none 
>nce of an association HO, 

mployed such criteria as 
- of persons in the home 

i no observed association 

3. 69 ,70,72], while none 
such an association. Four 
19 ; 26,671 and 2 studies 

ntaL'Household Smoking 

A ssociation of PararoeteKs) _ 
none observed tor peak 

expiratory flow rate 

NA (matched) 


r reported i 

observed for 

I vA (matched) 

none observed for FVC. FE' 
Vmax M . and Vmax-, 

none observed for 
aggregation of polmona. 


none reported 
- ea NACtnatchedi 


ione observed tot FT- 
lone observed to: 

responsivenes> 

responsoenet- --- 


B. Location of Residence 

As showm in Table 4, 25 studies that considered location of residence as a 
potential confounding variable in clinical endpoint studies variably used the 
following criteria: proximity to region of pollution; geographically defined area-, 
and definition of area as urban, suburban, nonurban, and rural. Of these studies, 
13 were considered to be homogeneous or matched [15, 17, 29, 30, 33, 34, 35, 
36, 39, 40; 41, 42, 44, 50, 52], Four of these studies reported no observed 
association [14, 16, 24, 47], three reported observing an association [19, 20, 31, 
43], and four provided no relevant information [22,23, 28,54], In one study, the 
data suggested a possible interaction between location of residence, outdoor 
pollution and parental/household smoking [14]. 

Table 4. Consideration of Location of Residence in Studies of Parental/ 
Household Smoking and Respiratory Symptoms and Disease in Older 
Children 


Published Study 
Kasuga et al. 1979 114] 


Tager ti al., 1979 U5] 


Speizer et al.. 1980 116] 


Weiss ci a]., 1980 117] 


[ Dodge. 1982 [19] 


iGorunaker et al, 1982 [20] 


Rantakallio, 1983 122 ] 


i xhenkeret.ai:,, 1983-1231 


-ariion, 1984 [24] 


! Parameter 

residential area within Tokyo, 
proximity to highway 


Association of ParameterCs) i 

see Table 12 B 
none observed for this 
parameter alone 


East Boston. Mass . a geo- NA (homogeneous) 
graphically defined urban area 

; Harvard Six Cities Study jnone observed for respiratory 

(12 separate cohorts from illness before 2 years of age 
6 cities) (not reported for other endpoints) 

East Boston, Mass . a geo- NA (homogeneous) 
graphically defined urban area 

non-urban.all subjects from 3 see Table 12 B 
small communities ranging in 
size from 4000 to 7312 people, 
presenceor absence of copper 
smelters within community 

urban (Flint, Mich )and rural urban area associated with 
(Bershire. Mass,) from 2 seperate increased incidence of 
survey populations asthma 


place of residence (town- 
village-remote. village) 

area predominantly rural, 
proximity to industnal pollution 

industrial vs non-industnal 
regions 


none reported 


see Table 12 B 


none observed for prevalence 
of cough 
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m Chi j fv*. 


Published Study 

Parameter 

Associ ^on of Panr*-r- 

Ware et ai., 1984 (28) 

Harvard Six Cities Study 
(6 locations with range of 
outdoor air qualities), 
adjustment as ‘ciry-cohort" 
in multiple logistic regression 

none reported 

Fergusson/Horwood, 19851291 

urban region of Christchurch, 
New Zealand 

NA (homogeneous; 

Horwood et al., 1985 BO) 

urban region of Christchurch. 
New Zealand 

NA (homogeneous; 

Spinaci et ai, 1985 [31] 

3 geographic areas within 

Turin, Italy 

see Table 12 B j 

McCxrrodTie/Roghrnann, 1986 (331 

suburban Rochester. N.Y 

Na (homogeneous) 

Park/Kim. 1986. 1988 [54. 351 

Strachan/EIton, 1986 (36) 

rural (Korea) 

urban area of Edmburgh, 
Scotland 

NA (homogeneous) 

NA (homogeneous) 

O’Connor et ai.. 1987 B9J 

East Boston. Mass., a geogra¬ 
phically defined urban area 

Na (homogeneous) 

Stem et ai.. 198^, 1989 (40. 41]l 

all locations rural Canada but' 
adjustment for city of residence 

see Table 12 B 

Tsimoyiams et al.. 1987 (42) 

suburban Nassau County;, 

New York 

| Na (homogeneous) 

Andrae et al., 1988 [431 

7 rural areas, 2 of the areas 
areas compared on the basis 
of proximity to puip and 
paper plant 

proximity to pulp and paper 
plant associated with increased 
bronchial hyperreacuviry 
and allergic disease; 

Dijkstra et ai.. 1988 (44] 

rural area of southeast 
Netherlands 

NA (homogeneous) 

Angiom et al., 1989 [47] i 

Charlton/Blair. 1989 [54] 

home in inner city, suburb, 
and country 

school area 

none observed for allergic 
respiratory' and nonrespiratory 
disease 
none reported 

McCorTiochit'lloghmann, 19891501 

suburban Rochester, N.Y 

NA (homogeneous) 

Shennan et al', 1990 [52] 

East Boston. Mass., a geograp¬ 
hically defined urban area 

NA (homogeneous) 


Location of residence (geographically defined area^ proximity to source of 
outdoor pollution, and definition of area as urban, suburban, and rural) was 
considered in 20 pulmonary function endpoint studies and is detailed in Table 
5. Eleven of these studies were classified as homogeneous or matched [55, 57, 
15, 17, 58, 59, 39, 67, 69, 42, 44]. One study reported no observed association 
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-^socuuon of ParameteKs) 
tone rcponed 


NA (homogeneous ) 1 
NA (homogeneous) 
see Table 12 B 

NA (homogeneous) i 

NA (homogeneous) 

NA (homogeneous) 

1 NA (homogeneous) 

! 

isee Table 12 B 

NA (homogeneous) 

’iiury* to pulp and paper ^ 

! assooaxed with increased 

1 uw.ichial hypeneacuniy 

and allergic disease. 

NA (homogeneous) ' 

none observed for allergy ^ 

respirators* and nonrespira- 

disease 

none reported 
ISA (homogeneous' 

> NA (homogeneous' 


ea, proximity to 
suburban: and rur^ •- 
iis and is deuiled m • - 
eneous or matche- • 

»<j no observ ed as>- 


1191 and four studies reponed that locaSon of residence was associated with level, 
of pththonant funoion 116, 60. 61. 31)1 Four studtes provisoSS 
regarding locauon of residence and pultoonaw function 128, 26, 40, 41/741 

Table 5 SmoktruTanct ^location ofResidence in Studiesof Patentaf/Househoid 
Smoking and Pulmonary Funaion in Older Children 


Published Study 
Leeder et ah. 1976 [55] 

Tager et al, 1976 157) 

Tager et a1., 1979 [15] 

Weiss et al., 1980 [17] 

Tager et al. 1983 (58) 

Tager et al , 1985 [591 

OConnor et al.i, 1987 [39J 

Speizer et al. 1980 [16) 


*are et al.. 1984 [28] 


« al., 1986 (60] 


n^selbad et al., 1981 (6l)! 


| 1982 (19)! 


- parameter _ [Association of Paramete r^)"" 

Harrow, a residential suburb NA (homogeneous) 
of NW London 

i 

East Boston Mass. a geogra. na (homogeneous) 
phicaiiy defined urban area 

East Boston, Mass , a geogra- j NA (homogeneous) 
phicaiiy defined urban area 

jEast Boston Mass , a geogra- NA (homogeneous) 

phicaiiy defined urban area 

East Boston: Mass a geogra- na (homogeneous) i 
phicaiiy defined urban area 

SSL’S--: • * * e °8 ra - (homogeneous) 

phicaiiy defined urban area 

East Bostoa Mass a geogra- na (homogeneous) 
phicaiiy defined urban area 

Harvard Six Goes Study (12 cohort was associated with 
separate cohons from 6 ctues); Ife\', and FVC, indicating diff- 
ajusunent for cohon (including erences from citv to cm and 
.both locauon and year of study) yearto year m thee parameters 


Harvard Six dues Study 
(6 locations with range of 
outdoor air qualities), 
adjustment as "city-cohort" 
in multiple logistic regression 

| Harvard Six Cues Study 
(corrected for 6 separate 
locales) 

33 communities from 7 metro¬ 
politan areas in different geog¬ 
raphic locations in US; consid¬ 
ered in analysis of covanance 

non-urbanj all subteas from 3 
small communities ranging in 
size from 4000 to 7312 peoplt; 
presenceor absence of copper 
smelters within community 


none reported 


some geographic differences 
observed in level and growth 
rates of FVC and FEVj 

accounted for the greatest 
amount of variation in mean 
FEV 079 ; see also table 13 B 

see Table 13 B 
none observed 
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Published Study 

Parameter 

As5 <*iation of Pinmrr-. 

TashJon et al., 1984 126} 

4 selected areas of Los Angeles 
County (adjusted for) 

none reported 

Spinaci et all. 1985 131) 

3 geographic areas (central urban 
(UC), penpheral (UP) and sub¬ 
urban (SU)1 within Turin, Italy 

see Table lj b 

Cben/Li, 1986 167] i 

urban district of Shanghai 

NA (homogeneous 

Evans et al., 1987 [691 

urban. 4 hospitals in New York 
Gty 

Na (homogeneous) 

Stem et al., 1987, 1989 140, 41} 

all Ideations, rural Canada; 
adjusted for dty of residence 

none reported 

Tsimoyianis et al., 1987 142) 

suburban Nassau County’, 

New York 

NA (homogeneous) 

Dijkstra et al., 1988 144) 

rural area of southeast 
Netherlands 

NA (homogeneous) 

Kauffmann et al. 1989(74) 

24 areas in 7 French cities; 
adjusted for town of residence 

none reported 


C Age of the Subject 

Table 6 Consideration of Age of Subject in Studies of Parental/Household 
Smoking and Respiratory Symptoms and Disease in Older Children 


Published Study 

Parameter (ages) 1 

Association of Parameter^ 1 

Cameron et aiJ. 1969 (81 

5 or less vs. 9 or less 
vs. 16 or less (5 or less -16) 

household smoke exposure 
associated with increased 
respiratory illness 16 or less 
not in other age groups 

CoUey. 1974 19) 

age of child (6-14) 

none reported 

Lebowitz/Burrows, 1976 (10) 

age of child (under 15) 

none reported 

Schilling « all. 1977111) 

7-15 >ts of age vs 15-18 
(7-18) 

prevalence of wheeze in 
children associated with 
parental wheeze in younger 
children (numbers may be 
inadequate in older children) 

Said et al.. 1978 [12) 

above and below- 15 years of 
age (10-20) 

none observed for adenoid- 
ectomy or tonsillectomy 

Bland et al., 1978(13) 

all children in 1st yr of 
secondary school (not given) 

NA (homogeneous) 

Kasuga et al.. 1979 1141 

none (6-11) 

NA 

Tager et al.. 1979115) 

none"(5-9) 

NA 
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Association of ParameteKs) 
none reported 

see Table 13 B 

! NA (homogeneous) 

NA (homogeneous) 

none reported 

NA (homogeneous) 

NA (homogeneous) 

none reported 


ies of Parenul/Household 
please in Older Children 

.odation of Parameters ? 

‘ I household smoke exposure 

associated with increased 

respiratory illness 16 or le>* 
not in other age groups 

none reported 

none reported 

prev alence of wheeze in 
children associated witi. 
parental wheeze in vounge 
children (numbers rrj . ^ | 

inadequate in older ] 

f none observ ed for ade> 
cctomv or tonsUlea. v 


Published Study 
Spei 2 er et al., 1980 (16J! 

Weiss et al.. 1980 (17)1 
Bonham/Wilson, 1981 (181 

Dodge. 1982 (191 

Gonmaker et al.. 1982 ( 20 ) 

Ekwo et al.. 1983121] 
Ranukaiiio, 1983 ( 22 J 

Schcnker et aL, 1983(231 

Charlton. 1984 (241 

lebowiu, 1984 (25) • 

Tashkin et al., 1984 (26] 

Vogt. 1984 (27] 


[|Ware eta?.. 2984 (28J 


fergusson/Horwood, 1985 I 


I Parameter 


age at time of reporting ( 6 - 10 ) 


none (4-10) 

I 

under 6 vs. 6 -M vs 22-16 

>t (0-16) 

subjects were 3rd and 4th 
grade children at inceptions fo 
the 4 yr longitudinal study (8-12) 

above and below 5 yrs of 
age (0-17) 

none (6-12) 

all subjects were the same 
age (14) 

5-9 >ts vs 10-14 years (5-14) 


Association of ParameteKs) 

none observed for infant 
respiratory disease 

NA 

| 

none observed for restricted 
activity due to acute 
respiratory conditions 

NA (homogeneous) 


none observed for asthma 


11-13. >14 vrs of 
age ( 8 - 19 ) 

none- (4-24) 

age of child C-I7) 

age of childi(0*5 vs 6-31 
vs. 12-38 yrs) (0^18) 


age of children (6-10) 


birth cohort compared at 
intervals of 2yrs (0-6) 


NA (homogeneous 


'‘ W ° od Cl 1985130] 


' ?rac,l « al, 1985 


birth cohon compared at 
yearly intervals (0-6) 


age of child 01)* 


NA (homogeneous) 

respiratory symptoms (cough, 
phlegm, wheeze) and chest 
illness more prevalent in 
younger children 

prevalence of cough 
decreased with increasing age 


none reported 

as child ages outpatient 
service utilization (primarily 
for upper respiratory infec¬ 
tion), as well as inpatient 
care, declines 

prevalence of respiratory 
illnesses higher m younger 
children 

prevalence of respiratory 
symptoms and illness decreases 
as age of the child increases; 
association with maternal 
smoking disappears after 2 
years of age 

cumulative rates of asthma (per 

100 children) increased with age 
as the number of nsk factors 
increased 

none reported 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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EJ3 Exposure, Confounding Variables and Respiratory MeaUh m o-j. 



anc * chea colds lex ■_ 

35 a 8e increases but 

not suusuaujv sipv.-i-; 


McCorrcchic/Ttog^TO^ 1986(331 
Park/Kinv 1986, 1988 [34,35] 

Strachan/Elton, 1986 136] 

Tecuiesai et al„ 1986 137] 

Wdlat, 1986 [38] 

O'Connor et al.„1987 [39] 

Stem et al., 1987. 1989 140, 41) 
Tsunoyiams et al., 1987(42] 

Andrae et a]!, 1988 (43J 

Dijkstra et al., 1988(44] 

Moreno et al., 1988 (451 
Somerville et al:. 1988 146] 
Angioni et al.. 1989 [47] 

Berwick et alJ.,1989 [48] 

NO, 

Chan et al., 1989 (491 
Chari ton/Blair. 1989 154] 


vs. 1>19 yr (0-19) 


mean age 8.4 yr (6-10) 

child’s age (under 5 vs. 

6-11 vs. 12-14 yr) (0-14) 

children approximately the 
same age (7-8) 

exposed child matched for 
age with nonexposed child 
( 10 - 16 ) 

age of child (2-15) 

age of subjects matched for 
exposed and nonexposed non- 
asthmatic and asthmatic sub¬ 
jects (6-21) 

none (7-12) 

exposed and nonexposed 
matched Tor age (12-17) 

6 mos-7 yr vs 8-16 yr 
(0.5-16) 


age of child (6-12) 
none (8-13)' 
none (5-11) 

age of subject (6.7.8,9.10, 
and 10+ yr) (6-10+) 

above and below 7 yrs of age 
(5-13) 


all children same age (7) ■ 
all children same age (12-13) 


no consistent age ass.^ , 
fofoajgh asthma ard tr nr *? 

NA (homogeneous ) 

incidence coughing • : 

with increasing age ! 

NA (homogeneous; 

NA (matched) 

older children had a higher 
prevalence of sore throats 

NA (matched) 

NA 

NA (matched) 

Otfdoor poflubon agsnrwH 5 Mh 
increased incidence of 
asthma and coughing in older 
group of children 
none reported 

NA 

NA 

none observed for respiratory 
and nonrespiratory allergic 
disease 

children below age of 7 yr 
exhibit increased incidence 
lower respiratory symptoms 
when exposed to 30 ug/m 5 

NA (homogeneous) 

NA (homogeneous) 


published Study 


Neuspeil « al., 1989 151) b 
Shennan et all, 1990 52) 

Suachan et a)., 1990 1531 


P; 


« 


‘Average age 


As shown in Table 6, a w; 
employed in the 45 clinical 
smoking. 38 studies attempt 
variable. In 12 of these stuc 
homogeneous or matched l 
studies reported no signifies 
and clinical endpoints [12,: 
that the prevalence of respi 
got older within a study pop 
studies suggested an interac 
such as household smoke e 
and subject’s health history 
association, i.e, that risk of 
[30, 38, 431- Five of these 
regarding any association t 
As in the case of the cl 
comparisons and age range 
considered age of the subj 
the majority of these scu 
pulmonary function (Table 
ous for age in 10 studies [5: 
reported no observed assc 
age and some parameter t 
66, 32, 67, 741 that indicate 
aged. Several studies sug 
other factors with regard tc 
parentaL household smok: 
gender [64, 661 and sub* 
provided no direct inform 
and pulmonary function E 
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ETSExposure, Confounding Variables andRespiratory Health it 


in Children 


Association of ParametcKs) 

presence of phlegm, wheeze, 
and chest colds tend to decrease 
as age increases but generally 
noi statistically significant; 

I no consistent age association 
for cough, asthma, and trendies 

| NA (homogeneous) 

.incidence coughing decreased 
with increasing age. 

NA (homogeneous) 


NA (matched) 


older children had a higher 
! prevalence of sore throats 

NA (matched) 


.matched) 


increased incidence of 
asthma and coughing in older 
group of children 
none reported: 


none observed for respuatnr. 
and nonrespiratony allerpu 
disease 

children below age of " « 
exhibit increased inodes, c 
lower respirator 5 \-mp* — 

when exposed to.? 0 .ug ~ 

NA (homogeneous 1 
* NA (homogeneou ? 1 


-Published Study Pa^ etgf 

15® [50) cohon ~ mMn agf - 

8 >ts with mean age 13 yrs 
( 6-10 and 11 - 15 ) 


I Association of Param eters) 

bronchiolitis history 
is a risk factor for wheeze 
and asthma at age 8 but not 
13 yrs 

NA (homogeneous) 

! none observed for first 
occurrence of asthma 

NA (homogeneous) 


Neuspeil e. al., 1989 ISlJi binh cohon exammed a, lZ omos , 

same age (10 yrs) NA (homogeneous) 

Sherman e. al;. 1990 (52) belbw and above 10 v«« „r 

age (5-22) none observed for first 

, , occurrence of asthma 

employed in the ^d^LTenVpTm/snidS COmparisons and a « e ranges were 
smoking. 38 studies attempted to control fn P er * a “ un 8 to household/parental 
vanable. In 12 of theseSes a °T ^ SUbjeCtS as a confounding 

homogeneous or matched [13 iq^ £ considered either to be 

studies reported no signScant* 3/ : ** 42 ' 49 ’ 54 - 51,-53). Seven 
and clinicaHendpomts 8 [12. 16 18 20 32 ^ OCiatJ0 " betwe e n age of the subject 

that the prevalence of respiraion-° f studjes indicated 
got older within a study population [11*23 24*27 28 ?o J Cr . ea5ed as the child 
studies suggested an intention Ltwee n afeof rhf’ 34 ’ 35 ’ 48 ’ 501 Several 

such as household smoke exposure fsi £ 1 8 ? sub )ect and other variables, 
and subjects health history [50] Three stud^' 0 ™ ‘ nd °° r polJutJon I4 ®' 
association, i.e.. that nsk oTresL^ i rep ° ned obse ™8 a converse 
BO, 38, F1VJ o! ZZ 27* ln “ **' of the sub|ecI 

regarding any association between aPP ofrb 31 ’u 44 prov,ded no information 
As in the case of the clinirai j 8 dle sub)ect ^d clinical endpoints 
<om P , TOns We " a -"'-Tof age 

considered age of die subject as a 3 p m ° naiTfuncUon endpoint studies that 

* e . ***** of these studies this ^ 

pulmonary' function (Table 7) p n i m ,~ & n a ^ e a< *J ustine nt relative to 
““Win lOa^.^S^^’^^orhoot^ 
re poned no observed association i ? None of the studies 

s J e and some parameter of pulmonar^fi^^ reF ? ned 30 ^ociation between 
66 32 67, 74, Lt^ 58 ’ 59 ’ 6 °’ 6l ’ 19 ' 64. 26, 
\ ed Several studies suggested mte ra ^ Z perfonT * ance as the child 
^erfaaors with regard t?nulmon a ^ nS betWeen 3ge of *e subjea and 
^ental/householdsmoking[64 y^c^de' 0 "^^“ 3Ctivesmokin SE59.64], 

render (64 66] and c.k ’ 3 ’ ^ ender and maternal smoking [6l 26 71] 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyx0000 
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£IS Exposure, Confounding 


Table 7. Consideration of Age of Subject in Studies of Parental 'H-ju • 
Smoking and Pulmonary Function in Older Children 


Published Study 

Parameter (ages) 

Association of Parana rr * 

Leedcr et al., 1976 [551 

all children same age (5) 

Na (homogeneous 

Schilling « al.. 1977 (111i 

adjusted for age; age consi¬ 
dered in multiple regression 
analysis (7-18) 

age (as well as weignt a.— 
weight and height ) nuv.r i 

contributor to variance 1 

YameU/Si Leger. 1979 1561 

none (7-18) 

NA , 

Tager « al:, 1976 (571 

adjusted for age (5-3D 

none reported j 

Tager et al., 1979 1151 

adjusted for age (5-19) 

none reported 

Weissetal.. 1980 (171 

adjusted for age (5-10) 

none reported ! 

| Tager et al. 198} (581 

adjusted for age; age consi¬ 
dered in autoregressive model' 
(4-28) 

age of subject had negate 
influence on change in FEY 
over a one year penod 

Tager ec al., 1985 159) 

adjusted for age; age consi¬ 
dered in autoregresssive 
model (5-19) 

age-dependent growth 

curve is sigmoid betw een 

5-20 years, decrement m 

FEV l and FEF^ associated 
with smoking most pronounoec 
in older children (>15 vrsy 

O'Connor et al.. 1987 (391 

age of subjects not signifi¬ 
cantly different for exposed 
and nonexposed (as well as 
asthmatic and nonasthmatic) 
subjects (6-21) 

NA (matched) 

Speizer et al. 1980 (161 

adjusted for age (6-10) 

none reported ^ 

Ware et al.. 1984 (28) 

adjusted for age (6-9) 

none reported 

Berkey et al.. 1986 160) 

adjusted for age (6-10) 

unadjusted FEV ] and FVC 
increase with age from 6-10 
years 

Hasselbad etal., 1981 (611 

function adjusted for age. 
compared at 6-9 vs. 9-13 yrs 
(6-13) 

FEV q75 increased in older 
children; according to authors 
maternal smoking produced 
a larger decrement in FEV c:j 
of older boys than younger 
boys and older and younger 
girls 

Dodge. 1982 [191 

subjects were 3rd and 4th 
grade children at inception 
of this 4 year longitudinal 
study, lung growth adjusted 
for age of subject ($-12) 

FEV- increases as child ages 
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Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 



‘b in Children 


mB90SUre ‘ r*rU*toart Rv ^^ tnaiUrm 


of Parental/Household 
Children 


association of ParamcieKs) | 

xA (homogeneous) 

t ge (as well as weight and 
veigh: and height) major 
:ontributor to variance 

\*A 

-tone reported 

none reported 

none reported 

age of subject had negative 
influence on change in FEV, 
ov er a one year period 

age-dependent FEVj growth 
curv e is sigmoid between 
>20 years: decrement in 
FEVj and FEF^ associated 
with smoking most pronounced 
in older children (>15 yrs) 

N matched) 


none reported 
none reported 

unadjusted FEN^ and n C 
increase with age from 6-1 - 
years 

FEV increased in older 
children: according to auth*^ 
maternal smoking produced 
a larger decrement in FE"v 
of older boys than, vour.gr: 
bovs and older and your.gr 
girls 

FEVj increases as cluid 


Publis hed Study 

Ekwo et ai., 1983 [ 2 i] 

Lebowitz et ai., 1982 [62] 
Lebowiu. 1984 [ 25 ] 
Lebowiu et aJj, 1984 [ 63 ] 
lebowiu et al., 1987 [64] 


v edal et ah. 1984 [66] 


| Parameter (ages) 

I age of child considered in 
regression analysis ( 6 - 12 ) 

adjusted for age (>6) 

adjusted for age (4-24); 

adjusted for age 03 5)* 

age of child considered in 
regression analysis ( 5 . 5 - 25 ) 


Lebowitz/Holberg, 198 ^ [65J 
Tashkin er a]., 1984 [26] 


adjusted for age (5 5-25) 

adjusted for age, function 
compared at 7-1 ] vs 12 - 
17 yr (7-17) 


t adjusted for age ( 5 - 14 ) 


5 P*nici ei at, 1985 Bl) 
Swchfiel « ai- 1986 132 ) 


Assodaiion of ParameieKs) 


none reported 


age of subject (li>* 

adjusted for age: compared 
I function at 10-14 vs 
15-19 yrs (10-19) 


none reponed 

none reponed 

none reported 

exhibits curvilinear 
relationship with age and 
height together; age-sex 
interaction exhibited for 
Vnux 5C /FV C (higher m females 
aged 15-25 yr). history of 
AOD associated with age- 
dependent Joss of Vmax ; 
earlier onset of asthma 

^5 yr) associated with 
greater decrements in Vmax ; 
| maternal smoking associated* 
* ith significantly increased 
PVC in older age groups, 
smoking associated with 
greater decrements of funaion 
of older (15-25>t) subjects 
none reported 

funaion elevated in 
dde grcxip of males arri females, 
maternal smoking associated 
with decreases of seleaed 
functional parameters in 
younger males (Vmax. V 
V and older females ” 
CFEF_. V V ) 

JV’3* SO’ v V 

age was a prediaor of all 
I functional measures (FVC i 
FEV FEF Vnw» 

I Vmax Kr ) ; a significant 
I interaaion found berween age 
and sex for all measures 
except FVC (flow rates 
; m creased in giris with age 
[ relative to boys) 

none reported 

older group of children had 
higher levels of FEV FVr 
Vma* 1 
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AS Exposure, Confounding Va 


Published Study 

Parameter (ages) 

Assoc “HOn of , 

Chervil, 1986 167] 

age of child considered as 
a variable in regression 
analysis (8-16) 

associated *nr. ‘ 

none reported for FE\ 

MMEF, FEF \ 

Murray/Momson, 1986 [68] 

exposed and nonexposed asth¬ 
matic children comparable for 
age. function adjusted for 
age (7-17) 

NA (matched) 

Teculescu et al. 1986 [37] 

exposed and nonexposed sub¬ 
jects matched for age (10-16) 

Na (matched) , 

Evans et al., 1987 1691 

age of child considered in 
multiple regresson analysis 
(4-17) 

none reported 

Stem « al.. 1987. 1989 [40. 41) 

adjusted for age (7^12) 

none reported 

Tsunoyiaius et al.. 1987 [42] 

exposed and nonexposed sub¬ 
jects matched for age (12-17) 

NA (matched) 

Dj|kstra et a]., 1988 [44] 

adjusted for age (6-12) 

none reported 

Marunez et al.. 1988 [70] 

all children same age (9) 

NA (homogeneous) 

Masi et ai., 1988 [71] 

age of subject considered m 

1 regression analysis (13-36) 

duration of ETS exposure 
at home (persons X years; 
associated decreased FEF >vi 
and Vmax M in males, ET5' 
expo-in men before 17 years 
of age associated with 
decreased FEF_... 

2> 5 

Murray/Momson. 1988 [72] 

exposed and nonexposed asth¬ 
matic children comparable for 
age: function adjusted for 
age (7^17) 

NA (matched) 

Chan et at, 1989 173) 

all children same age (7) 

NA (homogeneous) 

KaufFmann et al. , 1989 [74] 

adjusted for age 

(6-10) age related patterns of 
FEV t , and FEF^ observed 

Murray/Morrison, 1989 (751 

exposed and nonexposed asth¬ 
matic children comparable 
for age: function adjusted 
for age ; compared function 
at 7-11, and 12-17 yrs (7-17) 

in older age group 
maternal smoking associated 
with decreased FEV„ FEF^. t , 

1 2> y 

and PC M , not FVC 

Strachan et aJj, 1990 53) 

all children same age (6.5-7.5) 

NA (homogeneous) 

•Average age 


E. Gender of Subject 

As shown in Table 8,32 clinical endpoint studies considered gender of subject 
as a confounding variable. Of these, 2 studies were matched for gender [8, 391. 
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, „ -.dies reported no observed as 

^cal endpoints 113, 15,17,20,24, 
dot *e prevalence of so^e respi 
needed that in females 111, 12, lo, 
one study reported that the pre 
predominated in females 111). Ther 
between gender and parental smok 
endpoint was observed only in chi 
jjiere was no consistency as to whe 
male or female. One study also si 
parental history of asthma and atop 
pertaining to any association betw 

44, 45li 

Table 8. Consideration of Gene 
Household Smoking an* 
Children 


Published Study 


Parame 


Cameron el al.. 1969 181 
Schilling et aii, 1977 111) 

Said et al. 1978112] 
Bland et al., 1978113) i 

Tager et al.. 19^91151 
Speizer et all. 1980 ll6] 
Weiss et al.. 1980 117] 


W 

o 

C3 

g 

o 

Cl 

QD 


no sign 
in expt 

gender 


gende 

gendt 

gend 

gene 

gene 




Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 


Health in Children 


Association of PaiameieKs) 1 


-lt>* 

) 


ub- 

•> 


FVC associated with age. 
none reported for FEY.. 
MMEF. FEF uvrs * 

NA (matched) 


NA (matched) 
none reported 

none reported 
NA (matched) 

none reported 
NA (homogeneous) 

duration of ETS exposure 
at home (persons X years) 
associated decreased FEF^ 
and Vmax^ in males. ETS 
expo-in men before 17 years 
'f age associated with 
ecreased FEF 2V „ v 

asth-i NA (matched) 
for 



NA (homogeneous) 


(6-10) age related patterns ^ 
FEV,, and FEF^, observed 

asth- 

in older age group 


maternal smoking associarrJ 


with decreased FFV. Tfr . j 

n 

and PC*, not FVC 

7) 


-7:5) 

NA (homogeneous 1 

-- 


ies considered gender > ;! 
. ere matched for penult • - 


ETS Exposure, Confounding Variables and Respiratory Health in Children 
that the presenceof 2/ ’ 38 > 47 - 49JJ Fourteen studies reponed 

exceeded that in females [12,12, l^S SoTl' 

one study reported thar ’ ^ >33,46,54,50,51,52], while 

predominated in females [111 P re,,aenc ^ 0 f certain respiratory conditions 
between gender ^dp^reni^ srnok^g 1 wherebv th *^ 65 SU ^ este< ^ 311 interaction 
endpoint was observed only in children of one s« 1^32*37^2 
there was no consistency' as to whether rh* 37 ’ 421 However . 

maJe or female. One studv akn c,,r> ^* affected in these studies was 

parental history of asthma and atonvf<f?r% ^ mteraGtion between-gender and 
penalning ,o £y /' °T *“““ provided "° on 

44 } 45 ] en c ^ mjca ^ endpoints and gender ( 29 , 34 , 35 , 


Published Study 
Cameron et ah. 1969 I8J 

Schilling et ai., 1977 lii] 


Saidetal.. 1978(12) 
Bland et ali. 1978 ( 13 J 

Tl ?er« a]., 1979 (15] 
Sptaer et al, 1980 |1Q 
v eiss«al., 1980(17) 


Parameter 

no significant gender difference 
in exposed vs non-exposed 

gender 


Association of Parameters) 

NA (matched) 

association between a particular | 
parental illness (bronchitis, 
pneumonia, and asthma) and 
wheeze in children influenced! 
by gender of the child 

fcdcnoideaomy or tonsillectomy 
m boys>girls 

no gender differences 
observed for cough and 
breathlessness, parental 
smoking associated with 
mof ning cough in girls not 
boys 

none observed for respiratory | 
illness and isolated cough 

respiratory disease 
in males>females 

none observed for acute 
respiratory illnesses (croup, 
bronchiolitis, bronchitis, 
pneumonia), atopy (hay fever 
ashna). and chronic sympton 
(cough/phJcgrr,. symptoms) 
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t 


fts Exposure, Confounding Va> 
tnChiUrrr: c 


Published Study 

Parameter (ages) 

Association of Panmrr- 3 

Gorunaker « a).. 1982 120] 

gender considered in 
logistic regression analysis 

none observed for ^ 

1 

Schenker etal.. 1983 (25) 

gender considered in multple 
logistic regression 

male gender nskfictor : ♦ 
cough/phlegm. wheeze i— 
asthma ' 

Charlton. 1984 (24) 

gender 

none observed for cough 

Tashkin et al. 1984 (26] 

gender 

none observed for 
respiratory symptoms 

Vogt. 1984 (27) 

gender considered in 
j multiple regression 

none observed for mpa-jer.: 
and outpauent care 

Ware et aL. 1984 (28) 

gender 

boys had higher respuatorv 
illness and symptom than 
j girls 

I 

o 

I 

£ 

I 

adjusted for gender 

none reported 

' Norwood et al.. 1985 130) 

gender 

prevalence of asthma in 
boys>giris; risk factors 
for asthma in boys>girls 

Spinaci et al. 1985 131) 

gender 

j 

presence of wheezing, 
shortness of breath and 
asthma in boys> girls 

Burchfie) et al., 1986132) i 

gender 

i 

j : 

prevalence of phlegm, wheeze 
asthma, and chest colds 
greater in males than females 
(at least in one of the age 
greups tegfd>^rnder diferenos in 
conditions associated with 
parental smoking (phlegm, 
wheeze, asthma, chest colds 
in males vs. wheeze, 
bronchitis, chest colds in 
females) 1 

McConnochie/Roghmann 

gender considered in 

male sex associated with 

19861331 

bivariate and multi¬ 
variate analyses 

wheeze but not asthma in 
children aged 6-10 yrs 

Park/Kim, 1986, 1988 134, 351 

gender considered in multi¬ 
ple logistic regression 

none reported 

Teculescu et al., 1986 137) 

each subject matched for 
(gender 

association between parental 1 
smoking and cough primarily 
in boys 

Willat, 1986 [381 

gender 

none observed for sore throat 

O'Connor et ali. 1987 [391 

gender of subjects not sig¬ 
nificantly different for exposed 
and nonexposed non-asthmatic 
and asthmatic subjects 

NA (matched) 


pybiished Study ? 

arameter 

TSSS** »n987l42] Ts 

jender 

piptstra « al, 1988144]. , 

Moreno et al, 1988(45) 

ORs adju 

gender 

Somerville et al, 1988146) 

gender 

AngiorueiaL. 1989(47] 

gender 

Chan etal. 1989149V 

gender 

Charlton/Blair, 1989 1541 

gender 

McConnochie/Roghmann, 

19891501 

gender 
and m 

Neuspeil et al., 1989 1511 

gende. 

logisuv 

Sherman et al . 1990152V 

1 gende 
anaiy? 


Table 9 shows that 36 of 
considered gender. In the ma 
in certain analyses, adjusted f 
gender 1651 and 2 studies wen 
compared pulmonary functio 
levels of some parameters in 
reported higher levels of cert 

although reporting that gende 

specific information 1731- 
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Association of ParaineieKs) 


none observed for asthma 

male gender nsk factor for 
cough phlegm, wheeze, and 
asthma 

none observed for cough 

; none observed for 
I respiratory symptoms 

none observed for inpatient 
nd outpatient care 

>oys had higher, respiratory 
iiness and symptom than 


ione reported 
prevalence of asthma in 
>oys>girls: risk factors 
or asthma in boys>gids 

prevalence of wheezing, 
shortness of breath and 

^c'hma in boy$>&te 

alence of phlegm, wheeze. 
_nma. and chest colds 

greater in males than females 

(at least in one of the age^ 


Dups testea^^ — 

editions associated with 
arenul smoking (phlegm 
heeze, asthma, chest co 

i males vs. wheeze. 

mnchitis, chest cold* in 
females) 1 

rule sex associated with 

vheeze but not asthma ir 
children aged 6-10 yr» 

none reported 

sooauon between pat^^ 
noting and cough pnrn. ■ 

boys 

one observed 1 for sore :i - : 
;.A (matched 


Published Study 

Parameter (ages) 

Association of Parameters) 

Tsumoyianis et al.1987 {42] 

gender 

association between ETS 
exposure and abnormal 

FEF^ or cough 
statistically significant in 
girls but not boys 

Dijkstra et al., 1988(44] 

ORs adjusted for gender 

none reported 

Moreno et aJ, 1988 [45] 

gender 

none reported 

Somerville et aJj. 1988 (461 

gender 

prevalence of wheezing, 
bronchitis, asthma, and 
cough in boys > girls 

Angioni et al., 1989 (47] 

gender 

none observed for respiratory 
and nonrespiraiory allergies 

Chan eial., 1989 (49) 

gender 

none observed for wheeze 
and cough 

Charlton'Blau. 1989 L54] 

gender 

absence from school in 
! boys > girls 

McConnochi e/Roghmann, 

gender considered in crude 

male sex associated with 

1989 150]! 

and multivariate analyses 

wheezing and asthma at age 13 

NeuspeiJ et al, 1989 [51] 

gender considered in multiple 
Jbgisuc regression, 

male sex associated with 
wheezy bronchitis 

Sherman et al.. 1990 (52}! 

j 

gender considered m vanous 
analyses 

male sex associated with 
asthma; parental asthma 
and atopy increased nsk 
of asthma in females not 
males, history of pneumonia, 
bronchitis, hay fever, or 
sinusitis exhibited no gender 
difference as nsk faaor for 
asthma 


Table 9 shows that 36 of the 38 pulmonary function endpoint studies 
considered gender. In the majority of these, pulmonary function was, at least 
•n certain analyses, adjusted for sex. One srudv observed no association for 
gender [65] and 2 studies were matched for gender [68, 72). Of 11 studies that 
compared pulmonary-function on the basis of gender, eight reported higher 
ev els of some parameters in males [55, 58, 60*.61, 26, 66, 32, 74J, two studies 
^Ported higher levels of certain parameters in females [64, 66] and one study, 
' ough reporting that gender affected pulmonary performance, provided little 
specific information [731. 
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Table 9- Consideration of Gender of the Subject in Studies of Pi -*-„ 
Household Smoking and Pulmonary Function in Older Chudrer. " 


Published Study 

Parameter 

Association of Panmeter % | 

Leeder et al1976 155J 

adjusted for gender 

peak expiratory flow . 

boys > girls by multiple 
logistic regression 

Schilling « all. 1977 111) 

gender 

i 

association between finu.v 
history of asthma and 
pulmonary function iffe-.ec 
by gender (i.e., particular 
functional parameters 
involved); maternal smoking 
associated with decreased 

MEF^ (not FEV r PEFTO m 
girls, no association in bovs 

1 Yamell/St Leger. 1979 [56) 

gender 

maternal smoking assoc la tec 
with decrease in FMF and 

FEV o 7J in girls not boys j 

Tager et al . 1976 157) 

adjusted for gender 

, association between maternal 
smoking and deaeased FEY. 
in boys but not girls: parent- 
child correlations for FEV ( for 
girls not boys 

lager et al. ( 1979 U 51 i 

adjusted for gender 

none reported 

Weiss et al.. 1980 117) 

adjusted for gender 

none reported 

Tager et al. 1983 158) 

adjusted for gender; gender 
considered in autoregressive 
! model 

i 

male gender has positive 
influence on change in FEV, 
over a one year period 

Tager et al., 1985 [391 

adjusted for gender; gender 
considered in autoregressive 
model 

decrement in FEV t associated 
with smoking in males > 
females 

O’Connor et al ., 1987 139) 

adjusted for gender 

none reported 

Ware et al., 1984 [28] 

adjusted for gender 

none reported, no observed 
influence on maternal smoking 
association with pulmonary' 
function 

Berkey et al.. 1986 (60) 

adjusted for gender 

unadjusted FEV [ and FVC of 
boys > girls between 6-10 
yrs of age 
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a m Studies of Parental/: 
iction in Older Children 

Association of ParametcKs) I 

peak expiratory flow rates of 
boys > girls by multiple 
logistic regression 

association between family 
history of asthma and 
pulmonary function affected 
by gender (i e„ particular 
functional i parameters 
i mvolved), maternal smoking 
associated with decreased j 
MEF^ (not FEY r PEFR) in 
girls, no association in boys 

maternal smoking associated 
with decrease in'FMF and 
FEV orj in girls not boys 

association between maternal 
smoking and decreased FEW 
m boys but not girls; parent* 
t child 1 correlations for FEY. for 
rls not boys 

none reported 
! none reported 

- male gender has P° 5lUV ^ 

v C influence on change m FEv. 

over a one year penod 

^ deaementinF^.^oc^ 

ve with smoking m males > 

females 

none reported 

none reported, no obj^_ 

influence on maional 
association *idi pulmorun 
function' 

1 unadjusted FEV. anc 
boys > girii between tv. 

yrs of age 


Published Study _ Parameter Cages) 

Hasselbad et al„ 198M61) gender 


Ekwo et al. t 1983121) 
Lcbowiu et al, 1982 162] 
Lebowiu. 1984 (25) 
Lebowitz et al.. 1984 163) 
Lebowitz et al, 198" (64J 


adjusted for gender 
j adjusted for gender 
adjusted for gender 


Lebowitz/Holberg, 198~ 165! gender 
Tashkm et al. 1984 126] gender 


v edal et al 1984 166] adjusted for gender 


_^Association of Parameters) 

reV D.7 5 of t*>ys > girls 6-13 yrs 
of age; maternal smoking 
associated with greater 
decrements in FEV fl75 m boys 
than m giris, gas stove usage 
was associated with decreased 
| Sir! 5 not in boys 

none reported 

none reported 

none reported 

none reported 

VmaXx/FVC of females aged 

13-25 > males of the same age. 

gender was a significant co- 
vanable in multivariate 
analysis of factors determining 
the relationship between 
symptoms, smoking and 
pulmonary function of 
children but not in 
relationship between asthma 
and pulmonary function (FEY 
and Vmax*) 1 

none observed for FEV r 
Vmax w . and Vmax^/FVC 

I FVC, FEV r FEF^. Vmax of 
males > females, age-gender 
| influences on the association 
between maternal smoking and 
pulmonary function (ses 
Tablt 10) 

gender significant prediaor of 
all pulmonary function 
parameters (FVC and FEV,,, 
boys > girls. FEF^. Vmax^j 
Vmax* girts > boys); 
significant interaction between 
gender and age for all 

functional parameters except 
FVC; maternal smoking 
associated with decreased 
flow rates in girls, no 
association with maternal 
smoking in boys 
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Published Study 

Parameter Cages) 

Association of Parameter v | 

Spinaci et al.. 1985 13D 

gender 

gender influenced a1 
her^-een geographic vcj 
(outdoor poliuuon , anc 
pulmonary function nc | 

gender influences ob ser. rj. 
with regard to assoeau. -r. ! 

between passive or active | 

smoking and pulmorar, 
function 

Burchfiel et ai.. 1986 [32] 

gender 

i 

age adjusted FEV. and Per r 
males > females between 
yrs of age; no consistent gen 
der difference in Ymax^. 
parental smoking deaeased 

FEV, and FVC in males ar.d 
Vmax^ in females 

Chen/Li. 1986 [67.] 

| gender 

paternal smoking was 
associated wuh greater 
decrements in FEV p MMEF 
and FEF ttvr s in girls than 
boys 

Murray/Momson. 1986 [68] 

exposed and nonexposed asth¬ 
matic children comparable 
for male: female ratio; func¬ 
tion adjusted for gender 

NA (matched) 

Teculescu et al., 1986 [37] 

exposed and nonexposed sub¬ 
jects matched for gender 

parental smoking associated 
w'lth deaeased FEV^ and 

FEF jv , 5 (not FVC or 

FEVj/FVC) in boys not girls 

Evans et al., 1987 [691 

gender 

none reported 

Stem et al., 1987. 1989 (40j 41) 

adjusted for gender 

none reported 

Tsimoyiams et al., 1987 (42] 

gender 

association between ETS 
exposure and abnormal FEF^ 

7S or cough sutistically signi¬ 
ficant in girls but not boys 

Dijfcstra et al . 1988 [441 

gender 

N0 2 or gas stove usage was 
associated with decrements of 
pulmonary function growth in 
girls (FEV ] and MMEF) not boys 
while household smoking was 
associated with deaements in 
pulmonary function growth in 
i boys (PEF) not girls 
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Chan el 1 al.. 1989 173) 
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Association of ParameieKs) 

* 

! gender influenced association 
betw een geographic area 
(outdoor pollution) and 
pulmonary function; no 
gender influences observed 
with regard to association 
between passive or active 
smoking and pulmonary 
function 

age adjusted FEV, and FVC of 
males > females between 10-19 
! yrs of age, no consistent gen¬ 
der difference in Vmax^; | 
parental smoking decreased 
FEV and FVC in males and 
Vmax w in females 

! paternal ismoking was 
i associated with greater 
'■ decrements in FEY,. MMEF. 

! and FEF o vr , m girls dun 


asth- f NA (matched) 


parental smoking associated 

; with decreased and 
j FEF^ (not FVC or 

| FEV/FVC) in boys not g*N ^ 
j| none reported 
| none reported 
association between 

exposure and abnormal FH.. 

, or coughisutisucauv 
fleam in girls but not bo> 

NO; or gas stove usage 

associated with decrrmrru> ■ 
puLmonan funeuon ~ ^ 
girls (FEV, and MNtEF nrt J 

while household sm° kt 

associated wrh deaemer.- ■ 

pulmonary function p 

! boys (PEF> not g^ 


I Published Study 
Martinez etal., 1988 [701 


Parameter (ages) 
gender 


Masieial., 1988(71] 


Murray'Morrison. 1988 {72} 


Chan « al., 1989 (731 


exposed and non exposed asth 
mauc children comparable 
for male female rauoj func¬ 
tion adjusted for gender 


Association of Parameters) 

parental smoking associated 
with increased bronchial 
responsiveness (carbachol) in 
males not females; amonp f of 
parental smoking associated 
[With skin test reactivity in 
males not females; interaction 
berween gender, parental 
smoking and atopy confirmed 
by muJuvariate analysis 

duration of ETS exposure at 
|home (persons X years) 
associated with decreased 

raw* and Vmax^ (not 
FVC, f%V r PEFR) m males not 
females; ETS exposure in men 1 
(not women) before 17 years 
jif' age associated with 
decreased FEF„.. 

2> -5 

i* NA (matched) 


adjusted for gender 


Kauffmann et al.. 1989 [ 74 ] j 


gender was a significant 
predictor of FVC. FEV 0 ,, 
MEF ft , 5 , and PEFR; low° birth 
weight was associated with a 
greater decrement of FEV . m 
boys than girls 

FVC and FEV, boys > girls, no 
gender difference for FEF 
FEV/FVC. or FEF^/FVC* 5 
differences noted in brother- 
brother' and sister-sister 
correlations of specific 
pulmonary function parameters, 
for most pulmonary function 
parameter correlations, like- 
sex sibships > opposite-sex 
Sfcships, gender differences in 
pulmonary function growth 
patterns observed; gender 
differences in parent-child 
correlations of specific 
pulmonary function parameters 
observed. 
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Published Study 

Parameter (ages) 

Association of Pinny- r -. 

Muiray/Morrison. 1989 (75J 

exposed and nonexposed asth¬ 
matic children comparable for 
maleiemale ratio; funcuon 

Uon adjusted for gender 
in some but not all analyses 

maternal smoking 
with decreased FFV 
and PC # (not F\'C ■ 
feirls 

Strachan et al., 1990 (531 

adjusted for gender 

none reported 


Eleven pulmonary function endpoint studies suggested an intern-- 
between gender of the subject and parental/household smoking [11. 56.y-V* 
32, 67, 37, 42, 44, 70, 751. An interaction between gender, age and-parenuL 
household smoking was suggested in two studies [26,711, and that of atopy and 
parental/household smoking in one study [701. Although a significant number 
of studies reported the involvement of gender in the association between 
parental/household smoking and pulmonary' function, there was no consistence 
of this association with males versus females Interactions between gender or 
the subject and other variables were also suggested, including age [661. smoking 
[59L smoking and symptoms [641, indoor pollution [61, 441, outdoor pollution 
1311, family history of asthma [11], low birth weight [731 parent-child pulmonary 
function correlations (57,74], and sibling-sibling pulmonary function correlauons 
[74]. Eleven studies provided no information concerning any association 
between gender and pulmonary function [15,17, 39, 28; 21, 62, 25, 63. 69. -*0 
41,531. 


F. Active smoking by the subject 

As shown in Table 10,20 clinical endpoint studies considered active smoking 
as a potential confounder. The criteria employed to evaluate this factor varied 
significantly from study to study. In some, the data on active smoking were 
obtained from parental responses, while in others they were based on childhood 
responses in the absence of parents. Several studies assumed children to be 
nonsmokers below a certain age, although the cut-off age selected by particular 
studies ranged from 12 to 16 years. There was also variation in the criteria 
employed (e.g. number of cigarettes smoked, etc ) to classify a child as a smoker. 
Smokers were excluded or considered by the authors to be insignificant in nine 
of these studies [8* 10, 19, 26, 28, 37, 38, 42, 44)1 Three studies reported no 
observed association between active smoking and respiratory conditions in 
children [17, 23, 52). Four studies reported that active smoking was associated 
with increased prevalence of respiratory symptoms and disease in children [13, 
24, 31, 54] and none reported an opposite association. Four studies provided 
no information with regard to any association between smoking and clinical 
endpoints til 1 , 32, 39, 51). 
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Table 10. Consideration of Active Srr 
Household Smoking and F 
Children 


[published Study, 


Parameter 


f a mgron et al., 1969 181 
Lebowitz/Bunows, 1976 [101 

| 5 chilling et al., 1977 (111 
Bland et al., 19781131 

Weiss et al.. 1980 1171 

Dodge, 1982-1191 
Schenkeret al. 1983 1231 

Charlton. 1984 1241 
Tashkin et al.. 1984 (261 

Ware et al.. 1984 (28) 


Spmaa et al. 1983 13U 
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ugh a significant number 
the association between 
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ations between gender of 

icluding age 1661, smoking 
Si, 441, outdoor pollution 

s], parent-child pulmonary 
3 narv function correlauons 
nceming any association 

28, 21, 62, 25, 63.69: 40. 


uered active smoking 

aluate this faaor vaned 

,n active smoking were 

,, e re based on childhood 

assumed children to be 
ge selected by particular 
variation in the catena 
jssify a child as a smoke: 
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respiratory condm^^ 
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n Four studies pr wK><^ 

een smoking arw: J 


Table 10. Consideration of Active Smoking by the Subjea in Studies of Parental/ 
Household Smoking and Respiratory Symptoms and Disease in Older 
Children 


Published Study 

Parameter 

Association of Parameters) 

Cameron et al., 1969 [81 

2% of 13-16 yr olds reported 
smoking, apparently included 
in analysis 

NA (homogeneous) 

Lebowitz/BurTows, 1976 [10) 

children under 15 were pre¬ 
sumed to be nonsmokers (onl) 
2 of 60 14 yi olds indicated 
any smoking and they* had 
smoked very few cigarettes) 

NA (homogeneous) 

Schilling et al, 1977 [ll] 

smoking status obtained 
from child responses 

none reported 

Bland et al, 1978 [13) 

jail children questioned 
(grouped on basis of number 
cigarettes smoked) 

associated with increased 
cough and breathlessness 

| 

Weiss et aJ., 1980 [17] 

childhood smoking status 
obtained from subject's 
response in absence of 
parents 

none observed for persistent 
wheeze 

Dodge, 1982(19} 

children questioned, none 
reported smoking 

NA (homogeneous) 

Schenker et al, 1983 123) 

whether child smoked 5 or 
more cigarettes and is cur¬ 
rently’ smoking (child s 
response) 

none observed for 
respiratory symptoms 
(cough, phlegm, wheeze) 

Charlton. 1984 [24] 

Tashkinet aJ., 1984 [26] 

quantity' of cigarettes 
smoked/week (child response) 

children under 12 assumed 
to be nonsmokers; others 
asked about smoking status 
and, if so, excluded from 
analysis 

associated with increased 
cough 

NA (homogeneous) 

et al, 1984 |28) 

i 

i 

< 

i 

i 

children in 4th grade or 
higher asked about smoking 
status in absence of parent 
(1st to 3rd grades from pa¬ 
rental responses), incidence 
sf smoking rare andj there- 
ore not considered a nsk 
actor 

NA (homogeneous) 

pPmao ei al, 1985 131) t 

C 

S 

duldren who smoked at least ; 
me cigarette considered < 

■mokers (child's response) 

associated with increased 
ritronic cough 
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Published Study 


Parameter (ages) 


Association of Parameter * 


Burchfiel ct al.. 1986 [321 


i Children under 16 yrs. con- 


none reported 


Teculescu et al., 1986 137) 

WUlat. 1986 1381! 

O’Connor et al., 1987 [39) 

Tsimoyianis et al., 1987 [42) 

Dijkstra et al. 1988 [44} 

Charlton/Blair. 1989 [54] 

Neuspeil et ai., 1989 L5l) 
i Sherman et al.. 1990 152} 


sidered to be nonsmokers 
(active smoking by older chil¬ 
dren determined by question¬ 
naire) 

smoking children excluded 
from study (based upon 
parental responses) 
none of the children smoked 
(based upon parental respon¬ 
ses) 

obtained from child’s 
responses; adjusted for in 
analysis 

smokers or ex-smokers were 
excluded from study (based 
upon subject's responses) 

smoking children excluded 
from study (based upon 
parental responses) 

sometimes or regular smoking 
compared to no smoking 
(child response) 

from parental interview 

smoking sums obtained from 
child’s responses 


NA (homogeneous) 
Na (homogeneous) 


none reported 


NA (homogeneous) 


NA (homogeneous) 


associated with increased 
school absence for a vanetv 
respiratory- and nonrespiratory 
ailments 

none reported 

none observed for asthma 


27 pulmonary function endpoint studies considered active smoking by the 
subject as a potential confounding variable (Table 11). As in the clinical endpoint 
studies, there was significant variation as to whether this information was 
provided by parent or child, the age below which children were assumed to be 
nonsmokers (9-16 years), and the amount a child needed to smoke to be 
classified as a smoker. Children were excluded on the basis of active smoking 
or were considered to be of insignificant number in 14 studies [28, 60, 19, 26, 
66 , 67, 68, 37, 69, 42, 44, 71, 72* 75] Six studies reported that active smoking 
was associated with decreased pulmonary function [15, 58, 59, 64, 65, 311, none 
reported an opposite association, and two studies reported no observed 
association between active smoking and pulmonary function 157, 17]. In five 
pulmonary’ function endpoint studies, no information was provided on this issue 
[11, 39, 62, 63, 321. 


Table 11 Consideration of Active 
Household Smoking an 


Publi shed Study 
Schilling et al.. 1977 111! 


Tager et al.. 197615711 


Tager et al.. 1979 1151 


Weiss et al, 1980 [17] 


Tager et al. 1983 158) 


: Tager et al. 1985 1591 
O’Connor et al., 1987 139) 

Ware et al.. 1984 [281 


Berkey et al.. 1986 [601 


Dodge. 1982 119) 


Lebowitz et al.. 19S2 162) 


Parame 


| smokir 
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association of Parameters) 


ionc 


reported 


NA (homogeneous) 
NA (homogeneous) 


i none 


reported 


NA (homogeneous) 


NA 


(homogeneous) 


associated with increased 
school absence for a vanctv 
' iiraiory and nonrespuaiorv j 

.enis 

none reponed 
none observed for asthma 


active smoking t»> 
in the clinical endpoint 
this information 

en were assumed to N- 

»eded to smoke to K 

basis of acuvesmoktne 

^studies 128. 6c. 1 ,' 

ted that active srnok.ru 

58 59.^.65.311 n " n --; 
uncuon b • 1 1 

as provided on th.^ «"•• 


Table 11. Consideration of Active Smoking by the Subject in Studies of Parental/ 
Household Smoking and Pulmonary Function in Older Children 


Published Study 

Parameter 

Association of Parameters) 

Schilling et ah, 1977 [ll]l 

smoking status obtained from 
child responses, smokers ex¬ 
cluded from analysis 

none reponed 

Tager et al, 1976 [57] 

childhood smoking history 
(details not specified 
although data obtained from 
parents for children 12 years 
old or less) 

none observed for FEN'’, for 
males and females analyzed 
separately (stated that n was 
small) 

Tager et al.., 1979115) 

child’s smoking history 
(obtained from subject's 
responses) 

associated with decreased 

raw 

Ueiss et al.. 1980 [17J 

i 

childhood smoking status 
obtained from subtea s response 
m absence of parents 

none observed for FE 

! Tager et al. 1983 [58] 

1 

1 

child's smoking history 
(obtained from subjea s 
responses) 

Associated with decreased 

FEV, growth; effea on FEF^ 
borderline (p«0.058) 

Tager et al. 1985 [59] 

child's smoking history 
(obtained from subjea s 
responses) 

associated with decreased 

FEV, and FEF^ 

O’Connor et al.. 1987 [391 

obtained from child s res- 
1 ponses; adjusted for in the 
analysis 

none reponed 

Ware et al., 1984 [28] 

1 

children in 4th grade or 
higher asked about smoking 
sums in absence of parent 
(1st to 3rd grades from 
parental responses; incidence 
of smoking rare and. 
therefore, not considered a 
risk faaor 

NA (homogeneous) 

Berkey et al.. 1986(60) 

children who currently smoked ; 
at least 1 bgarene/week 
were excluded from study 
(each child in 4th or higher 
grades asked about personal 
smoking habits) 

NA (homogeneous) 

^ge, 1982 [19) , 

children questioned, none 
reponed smoking 

^A (homogenous) 

^bo^-iu e t all, 1982 162] 

active smoking (details not r 

specified) 

lone reponed 
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£75 Exposure, Confoun 


Published Study 

Parameter 

Association of v ; 

Lebowitz et al., 1984 (63) 

based upon questionnaires 
completed by children 15 yr 
and older 

none reported “ 1 

Lebowiiz et al., 1987 1641 

Lebowiu/Holberg, 1987 [651 

! 

Tashkin ei alJ. 1984 (26] 

current, ex-, or never smoker 
(obtained from children 15 yrs 
or older, otherwise from 
parent) 

childhood smoking (details 
not specified) 

children under 12 assumed to 
be nonsmokers; others asked 
about smoking status and, 
if so, excluded from analysis 

current and ex-smokm^ 
associated with decreased 

FEVj and Vmax^ lev e .s ir .u 
growth rates, and Vnr. 

active smoking asssocuiec 
with decreased Vnux>>- Ar ^ 
V'max^^C.andFEV 

NA (homogeneous) 

Vedai et al.. 1984 [66] 

children considered smoker 
they smoked 5 or more bg- 
areties and were currently 
smoking (obtained from sub¬ 
ject’s responses in grades 

4-6, not 1-3); smokers ex¬ 
duded from study 

XA (homogeneous) 

Spinad et al.. 1983 (31] 

children who smoked at least 
one cigarette was considered 
a smoker (child’s response) 

active smoking associated 
with decreased FEF and 

Burchfielletal.. 1986 (32] 

children under 16 yrs. con¬ 
sidered to be nonsmokers 
(active smoking by older chil¬ 
dren determined by question- 
aire) 

none reponed 

Chen/Li, 1986 (67) 

children who reported smok¬ 
ing 1 or more cigarectes/wk. 
were rare and were exduded 
from the study (based on sub¬ 
ject’s responses) 

NA (homogeneous) 

! Murray/Morrison, 1986 (681 

active smokers omitted from 
study (obtained by subject's 
responses) 

! NA (homogeneous) 

Teculescu et al.. 1986 (37] 

smoking children exduded 
from study (based upon 
parental responses) 

NA (homogeneous) 

Evans et al., 1987 (691 

ever smoking children were 
exduded from study (subject s) 
responses) 

NA (homogeneous) 


340 


Published Study_ 

Tmnoyiams et al., 198/142) 

Dijkstra et al., 1988 [441 

Masietal. 1988 [71] i 


Munay/Momson, 1988 [721 


Munay/Morrison, 1989 [751 


G. Infant feeding 

As shown in Table 12A. 
(i e., presence or absence c 
milk) observed no assodat 
between lack of breast fee 
provided no information or 
there were no pulmonary f 
dealt with infant feeding. 

Table 12. Consideration of 
Household Smofc 
Children 


A. Infant feeding 
Published Study 
Fergusson/Horwoodi 1985 [291 


Horwood « al.. 1985 1301 

McCormochie/Roghmann.w* 

19861331 £ 

W 

Willat: 1986 138) CA 

o 

cn 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 








i; health in Children 


an d Respiratory Health CMtren 


Association of Parameters) 


none reported 


current and ex-smoking 
associated with decreased 
FEY, and Vmax^ levels and 
growth rates, and Vmax^/FVC 

active smoking asssodated 
with decreased VmaxSO^ and 
Vmax^/FVC, and FEV, 

Na (homogeneous) 


NA (homogeneous) 


hil- 

on- 

ok- 

k 

ied 

sub¬ 


orn 
: s 


acuve smoking associated 
with decreased FEF^.^ and 

YmaXj^ 

>ne reported 


NA (homogeneous") 


NA (homogeneous 


NA (homogene"u- 

i 


■re NA ihonopenc- J' 

»ect's‘> 



Dijkstra et ajj, 1988 [ 44 ] 


Wasi a a! j. 1988171] 


Murray/Momson. 1 988 [72} 
Murray/Morrison, 1989 [75) 


aU I nonsmokers based upon 
subjects questionnaire 
responses 

active smokers ommed from 
study (obtained by sublet's 
responses) 


Na (homogeneous) 
NA (homogeneous) 
NA (homogeneous) 
NA (homogeneous) 


G. Infant feeding 

0 e„ presence oJabsenc^ofbreaM hedm *“ addressed ^nt feeding 

**> observed no assoaaLn [ 3 0, 33 tf ° f ' fo ™ula of 

between lack of breast feeding and increased Jx ^ re P° ned an association 
provided no information on this issue P9 4 3 j; M J 21 "® 531, 211(3 ^ P a Pers 

T!b,e 12 

Children 8 Respiratory Symptoms and Disease in Older 

A- Infan t feeding 

Polished Study 
F «rgusson/Hom’ood, 1985 129} 


Norwood ei al, 1985 BO} 

^^od, ?/Roghmann 


*‘ a »- 1986(38) 


Parameter 

presence or absence 
of breast feeding 

cari>- feeding history (breast and 
/or bottle) up to 4 mos of age 

breast, formula. milk feeding 
dunng first 6 mos of life 


method of postnatal feeding 


Association of Pa rameters) 
none reponed 

none observed for asthma 

lack of breast feeding assoc 
^ith rncr wheezing 
(strongest among children 
without family history of 
aJiergv) 

none observed for sore throats 


Ml 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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£IS Exposure, Confound 


Published Study 

Parameter 

Association of Parameters 


published Study ^ 

Andrae et al.. 1988 (43) 

type of feeding during first 

6 mos.of life 

none reported ~ | 


Spinad et al.. 1985 13U oc 

by 

ar 

Neuspeil et al., 1989 151) 

breast feeding at least 1 month 

none observed for wheer. 
bronchitis 


F 

Cl 

B. Outdoor pollution 





Published Study 

Parameter 

Association of Parameter s 


! 

Kasuga et al., 1979 114] 

living distance from main 
highway as surrogate for 
amounts of N0 2 and SO, 

(<50 m, <100 m, >100 m>; 
distance from highway based 
upon previous measurements 
of these gases 

none observed for this 
parameter alone; however 
increased prevalence rate 
of respiratory diseases in 
children of ! heavy smoking 
households living <30 m of 
highway, suggestive of 
interaction between outdoor 
pollution and ETS exposure 


Teculescu et al.,1986 137) s? 

a 

P 

Stem et al., 1987, 1989140.411 a 

V 

c 

Andrae et al.. 1988 (431 c 

Tageretali. 1979(15) 

outdoor air qualiry reported 
to be similar in various pans of 
the community 

NA 1 (homogeneous) 


F 

f 

Angioni et al., 1989 147] i 

Speizer et al.. 1980(16) 

NOj monitoring outdoors 
in selected households 

none reported 



Dodge. 1982 (19) 

towns with copper smelters 

none observed for asthma. 


C Daycare 

vs towns without copper 

wheeze, and sputum, increased 


Published Study 


smelters 

prevalence of cough associated 
with towns with copper 
smelters 


Said et al. 1978 1121! 

Schenker et al.. 1983 (231 

regions of low, medium, and 
high air pollution (based 
upon mining and power plants) 

none reported 


Willat, 1986 138) 

Chariton; 1984 (241! 

industrial vs. non-industrial 
regions 

none observed for prevalence 
of cough 


Andrae et al., 1988 (431 

Lebowitz, 1984 (25) 

‘random duster sample" for 
j TSPs, RSPs, CO, O r poUen. 
bacilli, fungi, and algae, 

none reported 


McConrochie’Roghrnann, 1089 

1501 


over a 72 hr penod 



D. Animal exposures 

Wareet al.. 1984 128) 

air qualify' variations among 

vK* /\ Ia/**!? iAnc in rhiC crn^v 

none reported 


Published Study 


UIC O U1UU5 M.Uvjy 

were adjusted for by dry- 
cohort correction in multiple 
logistic regression model 



Fergusson/Horwood. 1985 129) 

Horwood et al.. 1985 130) 





McConnochie./Roghmanru 

1986 133) 





Andrae et al.. 1988 143): 

i 
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m Expire, VanaUe, art Resp,mov H eaUh „ 


w Children 


Association of ParameteKs) 
none reported 

n none observed for wheezy 
bronchitis 


Association of ParamcteKs) 

none observed for this 
parameter alone; however, 
increased prevalence rate 
| of respiratory diseases in 
children of heavy smoking 
households living <50 m of 
highway .suggestive of 
interaction between outdoor 
pollution and £T5 exposure. 

NA : (homogeneous) 


j none reported i 

ie observed for asthma. 
,ieeze. and sputum, increased 
prevalence of cough assoaaied 
with towns with copper 
smelters 

none reported 

none observed for prevalent 
of cough 

none reported 


none reported 


Published Study 
Spinaci ei al., 1985 (3D 


Teculescu et al.,1986 [37] 


Stem et al., 1987, 


Andrae et al., 1988 (43J 


Angioru et al.!, 1989 (47] 


C Day care 

Publish ed Study- 

I Said et al., 1978 [12J 


1986 [581 

Andra * et al., 1988 (43J 

1089 

~— 

jD. Animal exposures 

Published Study 


I Parameter 

outdoor pollution (monitored 
by daily measurement of SO 
and TSPs) was basis of 3 geo¬ 
graphic areas, central urban 
CUC), peripheral (UP), and 
suburban (SU). 


subjects recruited from an 
area without significant air 
pollution 


Association of Parameter^) 

j troochiaJ secretions with colds 
increased (boys not girls) 
in UC and UP compared to SU 
"^mocasedcboyrsnwgiris) 
in SU compared to UC and 
UP; none observed for cough, 
wheeze, shortness of breath 

infant or recent respiratory ’ 

illness. 

Na (homogeneous) 


■ 41J all towns examined were smalt v* a 

with no significantsources I** Chomo S—) 

of industrial air polKiiuon 


compared area near pulp and 
paper plant to area farthest 
from plant 


associated with increased 
bronchial hyperreactivity 
and allergic disease 


I Srb^^efnlarhou™" 5 for allege 


Parameter 

day care before age of 3 


age starting at day care 
or nursery 

' tyP* °f daily care for 
pre-schoolers 


Fe rgusson/H< 


"pre-school 


Parameter 


experience" 


Norwood, 1985 (29)1 


Norwood « al., 198513011 

^^oghmann. 

^‘wal...1988143) 


duration of household 

pet ownership 

ownership of pet cat or dog 
pets in home 


caged buds, aquarium Ash 
l and furred pets in home 


respiratory and nonrespira- 
tory disease 


_ Association of Parame ierfsT 

day care associated with 
increased incidence of 
adenoid ectomy and/or 
tonsillectomy 

none reported 


none reported 


none observed for wheezing 
or asthma 


I Association of Para meters) 
none reported 

none observed 
none observed 


none observed i 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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£75 Exposure, Confounding V 


Published Study 

Parameter 

Association of Paorrxr.er v 

Dijtauaetal... 1988 144)' 

animals at home 

none reported 

Angioni et aL. 1989 (47) 

pets in house 

none observed 

Chan « al, 1989 149) 

pets in house 

none reported 

McConnochie/Roghroann. 

1989150) 

dog or cat present in home 

none observed 

E. Stress 



Published Study 

Parameter 

Association of Parameter* s > 

Fergusson/Horwood, 1985 (291 

quantitative score for 
stressful events in mother's life 

none reported 

Horwood et al., 1985 130) 

quantitative scores for stressful 
events mmother's life and 
maternal depression 

none observed 

i 

Neuspeil et al , 1989 (511 

quantitative score of 
maternal depression 

none reported 

‘Not applicable 



Table 13. Consideration of Selected Potential Confounders in Studies of Parental 
Household Smoking and Pulmonary Function in Older Children 

A. Infant feeding - no studies 


T 

B. Outdoor pollution 



Published Study 

Parameter 

Association of Parameters) 

Tageret al., 1979 1151 

! outdoor air quality' reported to 
be similar in various pans of 
the community 

NA (homogeneous) 

,i 

Speizer et al., 1980 (16) 

NOj monitoring outdoors 
in selected households 

none reported 

Ware et al., 1984 [281 

air quality variations among 
i the 6 locations in this study 
were adjusted for by ary- 
cohort correction in multiple 
logistic correction model 

none reported 

Hasselblad et al., 1981 I6l] 

ambient air pollution measure¬ 
ment'of TSPs, RSPs. and water 
soluble sulfate fraction of TSPs 

none observed for FEV^ 

Dodge, 19821191! 

towns with copper smelters vs; 
towns without copper smelters 

none observed for FEV t 


344 


Pubfe hedStudy 

l^bowitz et aL. 1962 162) 

Lebowitz, 1984 1251 

Tashkin ct al., 1984 U61 
Spinaci et al.. 1985 (3U 

Chen/Li. 1986 1671 

Teculescu et al:, 1986 137)i 
Stem et al., 1987, 1989 (40. 

Kauffmann ei al., 1989 (741 


411 


Paramei 

measure 
outdoor 
househc 
low-, par 
and NC 
in exce 

‘randor 

TSPs, P 
bacilli, 
over a 


adfusti 

area 

outdo 
by da. 
andT 
graph 
CUC). 

1 subur 

outdc 

cons: 

|subje 

samp 

subjt 

with 

alltc 
with 
of ir 

tow 


C Day care - oo studies 


10 

o 

10 

CO 

£2 

8 

cr> 

& 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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ETS Exposure, Confounding Variables and Respiratory Health in Children 


i Association of Parameters) 

; ____ — - --— 

j none reported 
5 none observed 
none reported 
none observed 

jl __ 

j Association of ParameieKs) 

none reported 
;I | none observed 

none reported 


jnders in Studies of Parental 
iction in Older Children 


Association of Parameter 1 s 
10 NA (homogeneous'! 

none reponed 


Publis hed Study 
Lebowiu et af,, 1982 (621 


lebowiu. 1984 [25} 


Tashkin et al, 1984 [26} 


Sprnaci et al.. 1985 [31] 


Parameter 

measurement of a variety of 
outdoor pollutants in selected 
households (GO was considered 
pan>aiiatesconsidered highj 
and NO2 was variable but not 
in excess of NAAQS) 

-random duster sample" for 
TSPs, RSPs, CO, Oy pollen, 
bacilli j fungi, and algae 
over a 72 hr period 


Association of P arameter^) 
JNa (homogeneous) 


children’s Vmax inversely 
associated with TSPs and 
Oj as an interaction, O 
associated with Vmax in 
children not exposed to EPS 

none reponed 


Chen/U 1986 (67) 


Teculescu et al., 1986 L37J 1 
Stem et al.. 198~ 1989 (40. 41} 

Kauffmaon e t al., 19891741 

C- Day care • no studies 


! adjustment for geographical none reponed 

outdoor pollution (monitored UC and UP associated with 

“ easuremem of s °i decreased FEV, and FVC 
and TSPs) was basis of 3 geo 1 

| graphic areas, central urban 
(UC). peripheral (LT).and 
suburban (SU) 

outdoor urb*, air poUiition NA (homogeneous) 
considered the same for all 
subjects because area of 
sample collection small 

subjects recruited from an area NA (homogeneous) 
without significant air pollution 

all towns examined were small NA (homogeneous) 

I with no significant sources 
of industrial pollution 


NA (homogeneous) 


town of residence 


none reponed 


none reported 


: observed tof F* v : - 


“SPs 

5 vs .none observed F*v 

Iters ! 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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ETS Exposure, Confoun 


D. Animal exposures 

J 


Published Study 

Parameter 

Association of Parameter s 

Murray/Momson, 1986 [681 

matched for ownership 
of household pets 

NA (matched) 

Murray/Momson, 1988 [72] 

matched for ownership 
of furred household pets 

none observed when tested 
by multiple regression on 
a seasonal basis 

Chan et al.. 1989 17J] 

j pets in house 

none reported 

Munay/Motrison, 1989 175) 

notched foe ownership of dogs 
or cats and positive skin prick 
tests to appropriate species 

NA (matched) 

E. Stress 

1 

_J 


Published Study 

Parameter ' 

1 Association of Parameter^) 

Evans et al.. 1987 [691 

general stress in household 

none reported 


H. Outdoor pollution 

As shown in Table 12B, the 13 clinical endpoint papers that considered' 
outdoor pollution employed a variety of criteria for this particular potential 
confounder, including proximity to an area of pollution (e.g., highway or 
industrial source), residence within an industrial area, and measured levels of 
industrial pollution using specific environmental markers, Four of the studies 
reported no observed association [14, 24, 31, 47] and three reported positive 
associations between outdoor pollution and particular clinical endpoints [19, 31, 
431. One study suggested an interaction between outdoor pollution and parental/ 
household smoking [14]i In three of these studies, the outdoor air quality of the 
area(s) was judged to be similar or homogeneous by the authors [15, 37, 40,41], 
while four papers provided no information pertaining to associations [16, 23, 25, 
28] i 

As shown in Table 13B, outdoor pollution (i.e., on the basis of proximity to 
industrial areas or environmental markers) was considered in 13 of these studies. 
Outdoor air quality was regarded as being homogeneous in five studies [15, 62, 
67, 37, 40, 41]. No association with outdoor pollution was reported to be 
observed in two studies [6l, 19]J while a “negative" association between 
particular pulmonary function parameters and outdoor pollution was reported' 
in two studies [25, 311. Four studies reported no information on any association 
between outdoor pollution and pulmonary function endpoints [l6, 28, 26, 74]. 

I. Daycare 

Of the four clinical endpoint studies that dealt with day care use as a potential 
confounder, one reported no observed association [50]j one reporteda “positive" 
association [12], and two provided no information relative to any association [38, 


346 


43 ] (Table 12 C) As indie 
function endpoint studies c 

y Animal exposures 

Five of the eight studies 
cared furred pets) reported 
33, 43, 47, 50] while the 
information (Table 12 D). F 
pets) as a potential confc 
studies. Of these, two wer 
observed association 172], 

(Table 13 D). 

H. Stress 

The three clinical enc 
confounder employed a q 
as a confounding variable 
and two provided no info: 
general stress in the hou 
endpoint study [691 in whi ^ ^ 
13 E). • '' 

L Dampness and cold 

As shown in Table 14 A 
and cold as a potential o 
outdoor humidity; indoor 
and/or dampness in the c 
observed in two of the 
dampness and cold in th 
increased rates of respira 
studies provided no infor 
with clinical endpoints t 

Of the four pulmonai 
and cold (e g , outdoor a 
and cold/wet season vs. T 
ent association but an as 
maternal smoking and as 
44, 731 (Table 15A). 


JC 

o 

10 

CO 

o 

oi 

w 

O) 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 
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Association of Parameter^) 


Na (matched) 

| rone observed when tested 
fc-»- multiple regression on 
i seasonal basis 


2S 

;ck 


rone reported 
| NA (matched) 


i Association of PaiamcteKs) 


»i rone reported 


x>ir.: papers that considered 1 
i for this particular potential 
pollution (e.g highway or 
and measured levels of 
.ers Four of the studies 
'} a Tit three reported positive 
mlar ;lirucal!endpoints 119.31 • 
>utdcor pollution and parental 
s. the outdoor air quality of.the 

; by die authors U5,3", *0. -Uj 

Bing to associations U6.23 

e o- the basis of proximity to 
veered in 13 of these stud*; 

iger.eous in five studies 11 o <?- 

pollution was reported to he 
teeauve' associauon between 
outdoor pollution was rejxme- 
> information on any associau •• 
oior. endpoints 116 . 2$ 


fti 3 i«Inn le H 2 C) A5 J nd,cated 111 TabIes 1 and 13C, none of the pulmonary 
function endpoint studies dealt with day care. ^ ^ 

J. A n i m al exposures 

* V , C ° fdle ei « ht studles dealt with animal exposures (mainly domesu- 
33 43 fU 47 d ^n tS) h C rT d n ° observ ' ed associauon with a clinical endpoint [30 

So^bonmb^D^F' 61113 ^ 8 ^ l29 ’ ** 491 prOVided no re * eva nt 
ormation (Table 12 D). Four studies considered animal exposures (household 

smdies OfEsfii C ° nfOUndin8 ) Variable 111 Penary Unction endpoint 
studies. Of these, two were considered to be matched [68,75] one reported no 

™nsr“ on1721 and °" provaed n ° - fcS pa 

H. Stress 

™ ^ ree d f UCal end P oint Papers that considered stress as a potential 
confounder employed a quantitative score of maternal stress and/or de^ession 
as a confounding vanable. One of these reponed no observed association [*01 
and two provided no information on this issue [29, 51) (Table 12 E) Stress (i e 
general stress in the household) was considered in one putoonan ^ 
j^dpomt study [691 Kn which no information on associations was provided (Table 

I. Dampness and cold 

and^oidT" ^ Table A - s ; venChniCal end P oint srudies considered dampness 
and coid as a potential confounder based upon the following types of criteria 

andTold^?' pu / H rnonai >' ftjn j aion endpoint studies that considered dampness 
and cold.Wr ’ ° U door and mdoor humjdir >'. dampness and/or cold in the home 

maieS^S !! ^^on suggestive of an interaction between season 
44 7™TabkTsir (72] > whlJe *** Prided no such information 125,' 


^daycare use as a potent^: 

351. one reponed a -p> 
y.auveto anv ass»viat: 
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RTS Exposure, Confounding Via 



Table 14. Consideration of Selected Potential Confounders in Studies of Parenia’ 
Household Smoking and Respiratory Symptoms and Disease in Older 
Children 


A. Dampness and cold 



Published Study 

Parameter 

Association of Parameten s, 

lebowiu, 1964 1251 

outdoor and indoor humidity 

none reported 

Strachan/Elton. 1986 1561 

dampness/mold in home; 
bedroom environment (cold) 

dampness/mold associated w*h 
increased rates of wheezing 
school absences due to lower 
respiratory problems, and 
coughing bedroom emuorereni 
associated with increased 
wheeling. 

Andrae et al.. 1988 1431 

signs of damage due to 
dampness in home 

associated with increased 
coughing after respiratory 
infections (not asthma, allergic 
rhinitis, or exercise-induced 
cough). 

Dijkstra et ai., 1988 [441 

dampness in the house 

none reported 

Angioni et al.. 1989 [47] 

absence of heating in home 

none observed 

Chan « al.. 1989 1491 

dampness or cold in home 

none observed 

Neuspeil et al., 1989 150) 

dampness in child's bedroom 

associated with increased 
! wheezy bronchitis 

B. Heating and air conditioning 

Published Study 

Parameter 

Association of Parameter^) 

Tager et al.. 1979 [151 

homes with central gas 
heating vs. other 

none reported 

Speizer et al.. 1980 (16) 

home heating fuel (oil, gas. 
electric); presence or absence 
of air conditioning 

none observed 

Weiss et al, 1980 [171 

gas heater in kitchen heaung 

none observed 

Ware etal., 1984 [281 

fuel and air conditioning 
(dropped from regression) 

none reported 

Spinaci et alj. 1985 (311 

presence or absence of 
central heating 

none reported 

McConnodue/Rohgmann 

19861331 

home heaung method 

none observed 

Strachan/Elton, 1986 136] i 

type of heat (gas or coal) 

coal burning associated with 
increased coughing 

Andrae et al.. 1988 143) 

type of heating 

none reported 

Angioni et al.. 1989 (47) 

type of heating (radiators, 
electric, gas, firewood, none) 

none observed 


published Study 

Parameter 

l^wick et al.. 19891481 i 

type of he 
from tax a 

Chan et al.. 19891491 

1 

type of fu 
heating 

McConnochie/Roghmann 

1989150} 

home hea 

[ c Season 

Published Study 

Paramete: 

Colley et al.. 1974 (91 

cough in 

Bland ei al.. 1978 [131 

study cor 

Charlton;, 1984 1241 

quesuoru 
istered di 
iof Decerr 
variation 
epidemic 

Lebowitz, 1984 1251 

season 

Park/Kim. 1986. 1988 [34. 351 

season 

Stiachan/Elton. 1986 1361 

conducu 

season 

Tsimoyianis et al, 1987 [42] 

conduetc 

Dijkstra et ai.. 1988 1441 i 

question 

svmpion 

D. Occupational exposures - 

no studi 

[ E. Quality of housing 

Published Study 

Paramet 

Kasuga ei al.. 1979 114] 

structure 

rcinforc 

Paik/Kim 1986.1988 [34. 35) 

number 
in a hot 

Strachan/Elton. 1986 [36] 

145 of 1 
in local 

Andrae et al. 1988 1431 

type of 
building 
carpeur 

Berwick et al.. 1989 [481 i 

from ta: 
(assesst 
used, c 
numbe: 
floors,: 
bottom 

Chan et al... 1989 (49) 

home c 
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tory Health in Children 


mders in Studies of Parental/ 
ptoms and Disease in Older 


Association of Parameteris) 
none reported 1 

dampness/mold associated with 
increased rates of wheezing, 
school absences due to lower 
respiratory problems, and 
coughing; bedroom environment 
associated with increased 
wheezing. 

associated with increased 
coughing after respiratory 
infections (not asthma, allergic 
rhinitis, or exercise-induced 
cough). 

none reported 

none observed 

none observed 

i associated with increased 

wheezy bronchitis _ 


>ciation of Para meter's* 
none reported 

none observed 


none observed 
none reported: 

none reported : 

none observed 

coal burning assocuird 

increased coughing 
none reported 
none observed 


Exposure, Confounding Variables and Re^ 


I Published Study 
' Berwick et al., 1989(481 

Chan et al., 1989 ( 49 J 

McConnochie/Roghmann 

1989 (SO) 

' C. Season 
Publis hed Study 
Colley et al., 5974 (9Jl 
Bland et al., 1978 ( 13 ) 
Chariton, 1984 (24] 


I ^bowitz. 1984 [25] 

Park/Kim. 1986, 1988 (34. 35 )' 
Strachan/Elton, 1986 [36) 

Tsunoyianis et al, 1967 (42] 
Dijkstra era!.. 1988 [441 


Parameter 

type of heaung and fuel used 
from tax assessor s records 

type of fuel used for home 

heating 

home heating method 


Parameter 

cough in winter as endpoint 

sudy conducted in July 

! questionnaires were admin¬ 
istered during the first week 
of December to minimize 
variations due to iocaJ season 
epidemics 

season 

season 

, conducted during winter 
season 


conducted during August 

questions on respiratory 
symptoms gathe red in winter 

* 00 studies 


iratory Health in Children 

Association of Para meters) 
none reported 

i 

none reported 
none observed 


Association of Param eters) 
NA (homogeneous) 

N’A (homogeneous) 

Na (homogeneous) 


none reported 
none observed 
NA (homogeneous) 

NA (homogeneous) 
Na (homogeneous) 


Park/Kim 1986. 1988 ( 34 , 35 ) 
StracharvBton, 1986 136 ) 

Andr aeeial., 1988(43) 

Bcnvldc « al., 1989 [48) 


Chaneta * > 1989 M9] I 


Parameter 

structure of house (wood vs 
reinforced concrete) 

number of rooms occupied 
in a house 

145 of 165 children lived 
in local authonry housing 

type of house (construction 
building material, wall to wall 
carpeting) 

from tax assessor records 
(assessed value, materials 
used, condition of home. age. 
number of rooms, number of 
floors, square footage of 
bottom floor) 

home condition 


Association of Param eters)' 
■none observed 

none observed 

NA (homogeneous) 

none observed 

none observed 


none reported 
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ETS Exposure, Confounding ' 


J. Heating and air conditioning 

Among the 12 clinical endpoint studies that considered heating and r.i 
conditioning, several criteria were employed, such as type of home heaun'’ fuel 
presence or absence of air conditioning, and presence or absence of home 
heating (Table 14 B) Of these, five studies reported no observed association of 
this variable (usually pertaining to home heating) with clinical endpoints 116. l" 
33,47, 301, while one study reported an association between coughing and the 
use of coal burning (36). Six ofthese studies provided no information relative to am 
association with this particular potential confounding variable ( 15 , 28 , 31 , 43.48 -491 

Heating and air conditioning (i.e., type of home heating fuel, presence or 
absence of air conditioning, or presence or absence of central heating) were 
considered in nine pulmonary function endpoint studies (Table 15 B) Ofthese. 
one was considered to be homogeneous with regard to this potential confounder 
(62), three reported no observed association [16, 70, 721, and two reported that 
the type of home heating influenced pulmonary function (16; 311. Four studies 
provided no information on the relationship between this potential confounder 
and pulmonary function [15, 28, 73, 751. 


Table 15. Consideration of Selected Potential Confounders in Studies of Parental/ 
Household Smoking and Pulmonary Function in Older Children 


^ J 1 
A. Dampness and cold 

Published Study 

Parameter 

Association of Parameters) 
j_ 

Lebowitz, 1984 (251 

outdoor and indoor humidity 

none reported 

Dtjksua « al„ 1988 (44) 

dampness in the house 

none reported 

Murray/Morrison, 1988 (72) 

cold/wet season v$. warm/dry 
season 

i 

none observed for for FEV t , 
FEF W and PC^ to histamine 
in asthmatic children of 
nonsmoking mothers 
although decrements of 
above observed in asthmatic 
children of smoking mothers 
compared to children of non¬ 
smoking mothers during 
cold/wet season. 

Chan « al.. 1989 173) 

dampness or cold in home 

none reported 

| B. Heating and air conditioning 

Published Study 

Parameter 

. . . .. _ 

Association of Parameters) 

Tager et al.. 1979 (15) 

homes with central gas 
heating vs. other 

. 

none reported 


Published Study 

Parame 

"speizer et al., 1980 (16) 

home 1 
electric 
of air c 

Ware et al., 1984 1281 

heatin.i 
from r 

Lebowitz et al.* 1982 (62) i 

most) 
heal a 

Spinad et aL, 1985 131) 

prese: 

centrs 

Martinez ei al., 1988 (70) 

sourc 
(cent: 
gas, c 

, Murray/Morrison, 1988 (72) 

type 
of w 

j 

Chan et al.. 1989 173) 

type 

heat 

Murray/Momson, 1989 (75) 

use 

C. Season 

Published Study 

Pars 

, Yameii/St. Leger. 1979 (56) 

all \ 
perl 

mo: 

Ware etal . 1984 (26) 

sea 

pul 

Hasselblad et alJ. 1981 (6U 

sea 

pu: 

Lebowitz. 1984 125) 

ses 

\**- 

Spinaci et al; 1985 (311 

sn. 

Wl 

AT 

Chen/Li. 1986 167) 

Stl 

Tsimoyianis et al., 1987 (421 

ST 

Dijksua et al., 1988 1441 

P’ 

ir. 

Martinez et al.. 1988 1701 

P 

d 
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>nsidered heating and air 
type of home heating fuel, 
mce or absence of home 
no observed association of 
i clinical endpoints [16,17, 
between coughing and the 
information relative to any 
triable [15,28,31,43,48,491. 
heating fuel, presence or 
e of central heating) were 
lies (Table 15 B). Of these, 
o this potential confounder 
72], and two reported that 
ction [16, 3U Four studies 
n this potential confounder 


nders in Studies of Parental/ 
rtion in Older Children 


■Kiauon of ParamcicK^ 

reported 

none reported 

none observed for for FEV ( 
FEFj V - s , and PC* to hisummc 
in asthmauc children of 
nonsmoking mothers 
although decrements of 
above observed in asthma;:, 
children of smoking mother' 
compared to children of nor. 
smoking mothers during 
cold'wet season 

none reported 


— 

Association of Parameter' 


none reported 


Published Study 
Spcizer et al., 3980 fl6) 


Ware et al., 3984 [28) 
Lebowitz et al., 3982 ( 62 ) 
Spinad et al., 3985 133] 
et al.. 1988170 ) 

Murray/Morrison. 1988 (72) 
Gbanetal., 1989(73) 

Murray/Momson, 1989(75) 

C. Season 


Publis hed Study 
Yameii/St. Leger, 1979156) 

Ware et al... 1984 (28) 
Hasselbiad et al., 1983 ( 6 l) 

[ ^bowitz, 1984 (25) 

Spinaci et al, 1985 ( 33 ) 

Chen/Li, 1986 (67) 
Tsimoyianisetal., 1987 (42) 
Dijksira et al., 1988 (44) 


home heating fud Coil. gas. 
eJectnc); presence or absence 
of air conditioning 

heating fuel and air (dropped 
from regression) 

! most homes had centra) 

' beat and air conditioning 

f presence or absence of 

! central heating 

source of energy for heating 
(centralized, kerosene, natural 
[ gas, other) 

! type of centra) heating and use | 
I of wood stoves for heating 

J type of fuel used for home 
heating 

use of wood stove for heating 


■ of rarameteris) 

FEV, residuals van* as foiJbws 
for home heating fuef oil> 
gas>eleonc; none observed! 
for presence or absence of air 
conditioning 

none reported 
| NA (homogeneous) 


| central heating associated 

[ with increased FVC 

none observed for 
bronchial responsiveness 

none observed for vanous 
types of home heaung 

| none reponed 
1 none reponed 


Manin« etal., 1988 


170] 


j Parameter 

aiJ pulmonary function 
performed dunng summer 
months 

seasonal adjustment for 
pulmonary' function 

seasonal adjustment for 
pulmonary function 

seasonal adjustment for 

peak flow 

study conducted during 
winter season (October to 
ApriJ) 

study conducted in June 

study conducted in August 

pulmonary function measured 
*n spring and autumn 

pulmonary’ function measured 
dunng September and 
November 


Association of Param eters)' 
NA (homogeneous) 

none reponed 
none reponed 
none reponed 
NA (homogeneous) 


NA (homogeneous) 
NA (homogeneous) 
NA (homogeneous) 

Na (homogeneous) 
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Published Study 

Parameter 

Assocuuon of Parameter s 

Munay/Monison, 1988 [72) 

cold, wet season (October 
through May) vs. warm, 
dry season (June through 
September) 

none observed for FEY 

FEF^. and PC a to 
histamine in asthmatic 
children of nonsmoking 
mothers, although decrements 
of above were observed in 
asthmatic childen of smoking 
mothers compared to children 
of nonsmoking mothers 
during the cold, wet season 

D. Occupational exposures 


Published Study 

Parameter 

Association erf Parameters) 

Kauffmann era!. 1989 174) 

parents were chosen from 
white collar workers to decrease 
any possible influence of 

1 parental exposure to industrial 
pollutants 

NA (homogeneous) 

J 

E. Quality of housing 

Published Study 

Parameter 

Association of Parameter^) 

lebowiiz « al.., 1982 (62] 

housing quality said to be 
relatively uniform 

NA (homogeneous) 

Chan et al.. 1989 [731 

home condition 

none reported 


K. Seasons 

As shown in Table 14 C, eight clinical endpoint studies considered season 
(i.e., time of year when questionnaire was administered or when endpoint w as 
to have occurred). Of these studies, six were considered homogeneous with 
regard to season 19, 13, 24, 36, 42, 44], while one study reported no observed 
association 134, 351 and one study provided no information on this variable [25]. 

As shown in Table 15 C, the criteria for consideration of season pertained to 
when pulmonary measurements were taken. Of the 10 relevant studies, six were 
considered to be homogeneous 156 > 31, 67, 42, 44, 70], one reported no 
independent association but a possible interaction of asthma, maternal smoking 
and season [723, while the remaining three studies provided no relevant data 128,61,251. 

L. Occupational exposures 

No clinical endpoint studies dealt with occupational exposures of the parent 
or child as a potential confounding variable (Table 1 and Table 14 D). As shown 
in Table 15 D, one study [74] employed only white collar worker families to 
minimize occupational exposures of the subjects and was, thus, judged to be 
homogenous with regard to occupational exposures. 
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M. Quality of housing 

Several criteria were variat 
considered quality of housing; 
were basic structure of the ho: 
home and particular aspects c 
assessed value (Table 14 E). 
association with a clinical end 
be homogeneous 1361 and on 

Housing quality was cons 
endpoint studies, with one j 
provided no information on t 


Our recent analysis of tl 
revealed that several factors 
between household/parental 
toms and diseases and pulm && 
or older children [71. Firstly, t 
wheeze, asthma, or bronchit 
parents or adult household ir 
or medical records in only e 
the 21 potential confound* 
question. For example, onl 
nomic status, age, gender, g: 
location of residence, and a 
majority of the clinical anc 
studies, while several of * 
dampness/cold, occupation, 
received little or no attention 
of the potential confounded 
study with regard to the par 
that they were considered ( 

In our previous report, 
variables (he., socioeconon 
health history, personal hea 
to study in the criteria us 
socioeconomic status, fami 
The current report exter 
the remaining 16 confounc 
analysis reveals wride var 
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A (homogeneous) 


ssodauon of ParameteKs) 
A (homogeneous) 


adies considered season' 
d or when endpoint was 

;red homogeneous with 

jy reported no observed 
tion on this variable !25) 

m of season pertained to 

relevant studies, six were 
i, 70), one reported n> > 
sthma. maternal smoking 
io relevant data 12S. 61. 2 s , 

•1 exposures of the patent 
id Table It D' Assh-wn 
collar worker tamibv' \ 

• was. thus, ludpvd t 


M. Quality of bousing 

ccSS“u5£o7/LT“a 5 f' f ^““POW studies to 

home and particular *£«^ number ° {lo °™ * ^ 

assessed value (Table 14 E) Of thp<^ suc, \ as condition, square footage or 

DISCUSSION 

SS.-SS 
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studies, while several of thp r f ^ nciion endpoint epidemiologic 
damonUl/^M f ** confounder s (infant feeding, day care use 
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- - - - £ 

“** « SdK " d confounding 

health history' S£ShSE h f* St ° Ve USa « e ’ indoor PoUution, family 
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confounders, most notably family size, location of residence, age of the subtec* 
active smoking, outdoor pollution, dampness and cold, type of heaun- a;r 
conditioning, and quality of housing. ^ 

Since confounders alone or in combination could potentially influence the 
outcome of epidemiologic studies, despite their consideration and/or adjustment 
in such studies [61, examination of the consistency of association between such 
factors and endpoints would seem to be an important endeavor. An indication 
of whether or not there was a consistent association from study to study relative 
to a particular confounder can be obtained by consideration of only those studies 
that addressed such an association die., after exclusion of studies where 
confounders were judged by the authors to be matched, homogenous, or where 
associations were not reported). A consistency of association or lack of 
association is based upon whether the majority of studies favor an increase, 
decrease, or no association between the variable in question and the endpoint 
These data for both the previous and current analysis are summarized for clinical 
and pulmonary function endpoints in Tables 16 and 17, respectively. 

Our previous analysis revealed that family health history and personal health 
history were consistently associated with an increased prevalence of respiratory 
symptoms and disease (Table 16), while personal health history was consistently 
associated with decreased pulmonary function (Table 17) in index children. No 
association was consistently observed berween clinical endpoints and gas stove 
usage/indoor pollution (Table 16 ) or between pulmonary function endpoints 
and socioeconomic status or family health history* (Table 17). The results were 
equivocal (no consistent trend) with regard to socioeconomic status and clinical 
endpoints (Table 16), as well as gas stove/indoor pollution and pulmonary* 
function endpoints (Table 17) [71. 

The current report extends these observations. The majority of studies 
pertaining to gender indicate that males are more at risk for respiratory symptoms 
and diseases (Table 16). Among the factors found to consistently influence 
pulmonary function in index children were gender, age, active smoking and 
location of residence (Table 17). No association was consistently observed for 
clinical endpoints and family size, heating/air conditioning, animal exposures, 
quality of housing, and infant feeding (Table 16) and for pulmonary function 
endpoints and family size (Table 17). Caution should be exercised with regard 
to interpretation of a consistent' lack of association between a potential 
confounder and an endpoint. Although such consistency may indicate that such 
confounders have little influence on the outcome of the study, this lack of 
association could also be a reflection of the wide variation from study to study 
in the criteria used for such variables, the fact that clinical endpoints were, for 
the most part unverified, and* in some cases, the relatively small number of 
studies involved. 
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Table 16 * Associations Berwet 
Endpoints 

jp ^r^scd/D ecreased Prevalencg-oL 
Family health history (increa.* 
Personal health history (incre 
Gender (males increased, 13 

yin Associat ion Observed 

Gas stove use/indoor polluti 
Family size (10 of 13 studies 
Heating / air conditioning (5 i 
Aniinal exposures (5 of 5 stu 
Quality of housing (3 of 4 st 
I Infant feeding (3 of 4 stu die 

Fguivocal/Uncenain Association & 
Socioeconomic status (20 sc 
Location of residence (8 stu 
Age (17 studies) 

Active smoking (7 studies) Wsfe 
Outdoor pollution (6 studie 
Dampness and cold (3 stud 
Day care use (2 studies) 

Season (1 study) 

Stress (1 study) 

Occupational exposures (0 
Nutrition (0 studies) 

•Number of studies after exdusior 


In the current analysis tft 
with regard to location o: 
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pulmonary function endpoir 
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or use of unverified subjea 
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Ta “ e 16 BaW “" POt ™“ Confounding Variables and CWcn, 

----- 

im regcd/Prrrrasrd fgaisaa of .s^ r , mi / Pn rn . n 

Family health history (increased, 16 of] 7 studies*) 

Personal health history (increased. 11 of 11 studies) 

Gender (males increa sed. 13 of 23 studies) 

S No Assoriatiiy p Observer! 

Gas stove use/indoor pollution (13 of 15 studies) 

Family size 00 of 13 studies) 

Heating/air conditioning (5 of 6 -studies) 

Animal exposures (5 of 5 studies) 

Quality of housing G of 4 studies) 

Infant feeding G of 4 studies)' 

Assagiaiian or \n n ?]? 

Socioeconomic status (20 studies) 

Location of residence (8 studies) 

Age (17 studies) 

Active smoking (7 studies) 

Outdoor pollution (6 studies) 

Dampness and cold (5 studies) 

Day care use (2 studies) 

Season (1 study) 

Stress 0 study) 1 

Occupational exposures (0 studies) 

Nutrition (0 studies) 
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Table 17, Associations Between Potential Confounding Variables and Pulmonan 

Functional Endpoints 

IflaracdT>ccrgascd Pulmonary Function " " 

Personal health history (decreased, 12 of 15 studies*) 

Age (increased, 11 of 12 srudies) 

Gender (males increased, 9 of 10 studies) 

Active smoking (decreased, 6 of 8 studies) 

Location of residence (decreased, 4 of 5 studies) 

^Association Observed 

Soaoeconomic sums (9 of 15 studies) 

Family health history (7 of 8 studies) 

Family size (7 of 7 srudies) 

EamvocamncfirainAssQCiauQn or No Data, Available 
Gas stove use/indoor pollution (11 studies) 

Heating/air conditioning (4 studies) 

Outdoor pollUuon (4 studies) 

Animal exposures (1 study) 

Dampness and cold (1 study) 

Season (1 study) 

Stress (0 studies) 

Infant feeding (0 studies) 

Nutnuon (0 studies) 

Quality of housing (0 studies) 

Day care use (0 studies) 

Occupational exposures (0 studies) 

'Number of studies after exclusion of those matched, homogeneous, and not reported 


Taken together, the results of this analysis and the previous analyses of the 
published epidemiologic data in schoobage children [1-3, 71 indicate lack of a 
consistent association between parental/household smoking and respiratory 
clinical and pulmonary function endpoints in these children, inconsistent and 
inadequate treatment of potential confounding vanables and inadequate verifi¬ 
cation of clincal endpoints in studies based on parental responses to question¬ 
naires. Until and unless these inconsistencies and inadequacies can be 
appropriately addressed and resolved, the available epidemiologic data do not 
justify a conclusion that there is even an association between parental or 
household smoking and adverse respiratory effects in children in this age group, 
let alone a relationship with ETS exposure. 
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Abstract 

In this analytical suc> aspects of the dfesign of 41 epidemiologic studies pertaining to the 
relationship between parcntal/household smoking and the prevalence of respiratory* symp¬ 
toms and certain ilnesses in preschool children (0-5 years old) were examined using a sys¬ 
tematic protocol or‘.doped previously for a similar analysis of epidemiologic studies in 
school-age or older ;:::;drcn. Wide variability was observed from study to study in the consid¬ 
eration of 21 predetermined potential confounding variables. While the socioeconomic status 
(SES)j,family hcalti history, subject's personal health history, family size, age and gender 
were considered ir. rd'nor more of the studies, indoor pollution (other than gas stove usage), 
day care use. anima exposures, stress. dampness/cold, season, occupational exposures, nutri¬ 
tional status of thi object, and maternal smoking during pregnancy were considered infre¬ 
quently (in <25% :i:‘hc studies) or not at all] A wide variation was also observed from study 
to study in the am" of confoundcrs considered. When evaluated on the basis of number of 
confounders consumed per study, only 3 of the 41 papers considered 10'or more of the 21 
predetermined vagaries. The clinical endpoints, usually obtained from parental question¬ 
naire responses, w- validated by medical records or physician examination in only slightly 
more than 50% C *\) of the relevant epidemiologic studies. Twelve of the 21 predeter¬ 
mined confounded *ere analyzed in detail. There was wide variation in and a lack of stan¬ 
dardization of the criteria used as indices of SES, family and personal health history', and age. 
There was also nursed variation among the studies in methods used, if any, to adjust for 
confounding variaritrs. Several of the confounding variables that we looked atappeared to be 
consistently assocureo 1 with increased risk of respiratory illness in preschool ichildren, includ¬ 
ing family and peroral health history, young age, male gender, day care use and season. On 
the other hand, no insistent association was observed for SES, artificial feeding, gas fuel use 
and indoor pollutun. while equivocal or uncertain data in this regard were obtained for 
dampness/cold an: iieaiing/air-conditioning. While no consistent interactions between var¬ 
ious confounders vere observed, the relationship between parental/household smoking and 
respiratory illness n preschool children appeared to vary inversely related to age. Before 
epidemiologic ass:c:ations between parental smoking and respiratory health in preschool 
children can be ccnduded to reflect any effects of ETS on the respiratory system of these 
children, it will be Teeessary to more thoroughly and more consistently consider the role of a 
number of potentia confounding variables, both individually and in combination. It will also 
be necessary, befere reaching suchi conclusions, to control and/or adjust for these factors 
where appropriate is well as lo more consistently validate parental questionnaire-based clin¬ 
ical endpoints. 
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introduction 

Over the past several years, we have conducted a num¬ 
ber of analyses of the literature pertaining to the potential 
adverse effects of parental and/or household smoking, 
used as a surrogate for environmental tobacco smoke 
(ETS) exposure, on the respiratory system arid respiratory 
health of children [1—5]. While an. association between 
parental (usually maternal) smoking and prevalence of 
acute respiratory symptoms and certain illnesses in pre¬ 
school children has been consistently reported in the liter¬ 
ature, we found that such an association is much less con¬ 
sistent in studies of school-age or older children. Similar¬ 
ly, we have noted a lack of consistency of association 
between parental smoking and decreased pulmonary 
function in older children [1-3]. There have been no rele¬ 
vant studies involving pulmonary function in younger 
children. 

As part of this ongoing analysis, we recently critically 
and in some detail examined the design of 45 clinical end¬ 
point studies and 38 pulmonary function endpoint stud¬ 
ies in school-age and older children. To assist us in this 
examination, a protocol was developed for the systematic 
extraction of information from epidemiologic studies [4]. 
With the aid of this protocol, we considered the following 
design-related aspects of the studies in question: (1) vali¬ 
dation of clinical endpoints that had been obtained 
largely from parental responses to questionnaires; (2) the 
frequency with which 21 predetermined, potential con¬ 
founding variables were considered; (3) criteria used for 
specific confounding variables, and (4) whether or not 
specific confounding variables influenced clinical and 
functional endpoints in these studies. 

Our analysis of these studies in school-age and older 
children revealed that the clinical endpoints, which were 
usually based upon parental reporting, lacked verification 
(as from medical records or physician evaluation) in all 
but 8 of the 45 studies under consideration. In addition, 
most of the studies considered fewer than half of the 21 
potential confounders, while the specific variables that 
were considered varied widely from study to study. In 
addition, we found that the criteria used to define a par¬ 
ticular variable lacked standardization and varied widely 
from study to study, most notably for such confounding 
variables as socioeconomic status (SES), family size, loca¬ 
tion of residence, age of the subject, active smoking by the 
subject, outdoor pollution, dampness and cold; type of 
healing and air-conditioning and quality of housing. Sev¬ 
eral confounding variables were found to be consistently 
associated with increased prevalence of respiratory illness 


(family and personal health history" or male gender) or 
decreased pulmonary function (persona! health history, 
age, male gender, active smoking and location of resi¬ 
dence) [4, 5]. 

In view of the inconsistencies found in studies of par¬ 
ental/household smoking effects in school age or older 
children, we initiated a similar analysis of design-related 
aspects of the parental/household smoking studies in pre¬ 
school children. This paper reports our findings to date on 
this latter analysis. 


Materials and Methods 

The 41 studies under examination correspond to those reviewedi 
in a previous report [3]J These studies in preschool children (0—5 
years of age) deal only with clinical endpoints (iie. the prevalence of 
respiratory symptoms and disease). The 21 potential confounders 
that were analyzed are listed in table 1. They were derived from the 
literature, as well! as from factors considered intuitively to have a 
potential direct or indirect effect on the respiratory system. This list 
is slightly modified from that used previously in school-agc children 
[4; 5], in order to be more relevant to this pre-school age group Cate¬ 
gory No. 22 (‘others’) refers to potential confounders that differed 
from the 21 predetermined variables. 

As indicated previously [4, 5]i the studies were reviewed to deter¬ 
mine the following information: (1) which of the potential confoun¬ 
ders were considered; (2) what parameter(s) was (were) employed for 
each potential confounder, (3) whether a statistically significant asso¬ 
ciation was looked for between a potential confounder and a clinical 
endpoint, and. if so, the direction of such an association; (4) whether 
there was evidence of an interaction between the potential confoun¬ 
der in question and other potential confounders and other variables 
(including parental/household smoking) that influenced the outcome 
of the study, and (5) whether clinical endpoints were validated by 
medical records or a physician's examination. 

In order to facilitate the extraction of the foregoing information 
from the papers in question in a systematic fashion; a computer- 
assisted protocol was used that was slightly modified from that devel¬ 
oped by us and described in our previous studies in school-agc or 
older children [4, 5). 


Results 

General Consideration of Potential Confounders and 
Validation of Clinical Endpoints 
As shown in table 1, most of the 21 potential con¬ 
founding variables were considered in less than half of the 
41 relevant studies. The only exceptions to this were 
(n studies): SES (34), family (26) and subject’s personal 
health history (24); family size (23), residence location 
(23), age of subject (all 41) and gender (24). Other poten¬ 
tial confounding variables were considered in very few of 
the studies, including indoor pollution other than that 
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attributed to gas stove usage (5 studies), day care use (6), 
animal exposures (3), stress (1), dampness and cold (3), 
nutritional status of the child other than that associated 
with breast or artificial feeding(1) and maternal smoking 
during pregnancy (4). Possible exposure of the subjects to 
occupational contaminants and pollutants carried 
through the parents was considered in none of the studies. 
Those potential confounders designated as ‘others’ (item 
No. 22, table 1) included age of a sibling, age of parents, 
family composition, method of paying hospital bill, and 
mother working during pregnancy. Table 1 also indicates 
that only 21 of the 41 studies under examination vali¬ 
dated! clinical endpoints by either medical records or 
examination by a physician. 

Table 2 displays confounder consideration for each of 
the studies in question and also identifies those studies in 
which clinical endpoints were validated. This table shows 
that there is a great deal of variation from one report to 
the other with regard to the particular array of potential 
confounders considered (i.e. the distribution of ‘4T sym¬ 
bols). Table 3 indicates that in all but 3 of the studies [26, 
27, 39], 10 or fewer of the confounders were considered. 

Detailed Information on Specific Confounding 

Variables 

As detailed in table 4, a wide variety of criteria were 
used to characterize SES in the 34 studies that considered 
this variable. Among these were ownership of an auto¬ 
matic dishwasher, median or taxable income, ‘social 
class’, mother s and/or father’s occupation, family living 
standards, mother’s marital status, ethnicity, current mili¬ 
tary' status, quality of home equipment (low to luxurious), 
frequency with which a family moved, presence in the 
home of both biological parents, and an SES scale based 
on a number of criteria. Depending upon the study, SES 
was based either upon a single criterion or several individ¬ 
ual criteria. 

Table 4 shows that in 10 of the studies [10, 14, 27, 28, 
30, 31, 33, 39, 40> 45], no association was observed 
between an SES parameter and clinical endpoints, while 
an inverse association was found in 4 studies [19, 23, 29, 
34]. One study reported that ethnicity was associated with 
respiratory illness, where West Indian children had a 
higher prevalence of chest colds compared to English/ 
Irish or Asian children [40). One study demonstrated an 
interaction between maternal work status, maternal 
smoking and acute respiratory illness [43]i In 8 of the 
studies [6, 7, 12, 17, 18, 20, 24, 35], the population was 
stated to have been matched or homogeneous for SES, 
and, therefore, no data could be provided on the associa- 


Table 1. Frequency of consideration of potential confounders 
and validation of respiratory endpoints in epidemiologic studies of 
parental smoking and respiratory symptoms/diseases in preschool- 
age children 


Confounder Potential confounder or validation 

No. of clinical endpoint 

Studies' 
(41 total) 

1 

SES 

34 

2 

Gas fuel usage (cooking and heating) 

12 

3 

Family health history 

26 

4 

Subject’s health history 

24 

5 

Infant feeding (breast vs. bottle) 

14 

6 

Outdoor pollution 

16 

1 

Indoor pollution 2 

5 

8 

Day care use 

6 

9 

Family size 

23 

10 

Animal exposures 

3 

\\ 

Stress 

1 

12 

Dampness and cold 

3 

13 

Type of heating and presence 



of air-conditioning 

9 

14 

Season 

18 

15 

Occupational exposure of subject 



(through parents) 

0 

16 

Quality of housing 

9 

17 

Nutritional status 

1 

18 

Residence location 

23 

19 

Age of subject 

41 

20 

Gender of subject 

24 

21 

Maternal smoking during pregnancy 3 

4 

22 

Others 4 

9 

23 

Validation of clinical endpoints 4 

21 

1 Number of studies in which potential confounder was considered 

or where clinical endpoint was validated: 


2 Other than that attributed to gas stove. 


3 As distinguished from postnatal smoking. 


4 See table 2, 



tion between SES and respiratory symptoms and diseases. 
No information on the association between SES and a 
clinical endpoint was provided in 11 studies that were, 
therefore, designated as ‘none reported’ [8, 9, 11, 16, 21, 
22, 26, 36, 37, 41, 46], In 22 studies [8-11, 14, 16, 19, 
21-23, 26, 27, 29, 31, 33, 34, 36, 37, 39, 41, 43, 47], an 
association observed between parental/household smok¬ 
ing and the prevalence of respiratory symptoms and/or 
disease was adjusted for SES in some way other than that 
produced by matching or homogeneity. 
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Table 2. Consideration of potential confounding variables in epidemiologic studies of parental/household 
smoking and respiratory symptoms/diseases in preschool-age children 


Study 

Refer-. 

1 e f 1 F e 

Confounder No, 1 


















1- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

M 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Cameron ct ah 

6 

4; 

_ 

_ 

4 

_ 


_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 


_ 

4 

4 

_ 

_ 

Cameron and Robertson 

7 

4 

- 

- 

+ 

- 

4 

+ 

- 

+ 

- 

- 

- 

- 

+ 

- 

- 

- 

4 

4 

- 

- 

4 3- 4 

Colley et all 

8 

4 

- 

+ 

+ 

- 

4 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

4 

4 

- 

- 

- 

Hariap and Davies 2 

9 

+ 

- 

- 

4 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

4 

- 

- 

- 

4 

4 

- 

- 

- 

Lecder etal. 2 

10 

4 

- 

+: 

- 

- 

+ 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

4 

4 

4 

- 

4 3 

Rantakallio 2 

n 

+ 

- 

- 

+ 

- 

- 

- 

- 

+ 


- 

- 

- 

+ 

- 

- 

- 

4 

4 

4 

- 

- 

Sims et al. 2 

12 

4 

- 

+ 

+ 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

4 

4 

- 

- 

Dutau et ah 2 

13 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

Spcizeret al. 2 

14 

4 

+ 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

4 

4 

4 ; 

- 

- 

Dutau et at. 

15 

- 

- 

+ 

- 

- 

+ 

- 

+; 

- 

- 

- 

+ 

+ 

- 

- 

4 

- 

- 

4! 

- 

- 

- 

Fergusson et al. 2 

16 

4 

- 

- 

+ 

+ 

- 

- 

- 

+ 

- 

- 

- 

- 

4 

- 

- 

4 

4; 

+ 

- 

- 

+ 4.5 

Pullan and Hey 2 

17 

4 

- 

+ 

+ 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

4 

- 

- 

- 

- 

4 

4 

- 

- 

Ekwo et ah 

18 

4 

+ 

+ 


- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

Schenker et al 

19 

+ 

+ 

+ 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

4 

4 

4 

- 

- 

Hall etal. 2 

20 * ■ 

4 

- 

+ 

+ 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

- 

4 

+: 

- 

4* 

Ware etal. 

21' 

4 

+ 

+ 

- 

- 

+ 

- 

- 

+ 

- 

- 

- 

+ 

- 

- 

- 

- 

4 

4 

4 

- 

- 

Fergusson and Horwood 2 

22 

4 

- 

+ 

4 

+ 

- 

- 

- 

+ 

4 

+! 

- 

- 

- 

- 

- 

- 

4! 

4 

4 

- 

- 

Ferris et al. 

23 

4 

4i 

4 

- 

- 

+ 

- 

- 

+ 

- 

- 

- 

+: 

- 

- 

- 

- 

4 

4 

4 

- 

- 

Pedreira et al. 2 

24 

4; 

- 

+ 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4 

4 

- 

- 

- 

Tominaga and Itoh 2 

25 

- 

4 

+ 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

4 

- 

- 

- 

- 

- 

4 

- 

- 

- 

Chen et al. 

26 

4 

- 

+ 

+ 

+; 

4 

+ 

- 

4! 

- 

- 

- 

- 

- 

- 

4 

- 

4 

4 

4! 

4 

4 4 

McConnochie and Roghmann 2 

27 

+ 

4 

+ 

+i 

4 

- 

- 

+ 

4 

4 

- 

- 

4 

4 


- 

- 

4 

4 

4 

- 

4 3 

Park and Kim. 

28 

+ 

- 

+! 

+ 

- 

- 

- 

- 

4 

- 

- 

- 

- 

4 

- 

4 

- 

4 

4 

4 

- 

4 4 

Bisgaard et al. 2 

29 

+ 

- 

- 

+ 

+ 

- 

- 

+ 

+ 

- 

- 

- 

- 

4 

- 

4 

- 

4 

4 

4 

- 

- 

Cogswell et al. 2 

30 

+i 

- 

+ 

+ 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

- 

4 

- 

- 

- 

Fleming et al. 

31 

4 

- 

+ 

- 

+ 

- 

- 

+ 

4 

- 

- 

- 

- 

4 

- 

- 

- 

- 

4 

4 

- 

- 

Gcllcr-Bernstein etal. 2 

32 

- 

- 

- 

+ 

+; 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4 

4 

- 

- 

Kershaw 2 

33 

+ 

- 

4 

4; 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4; 

4 

- 

- 

Ogston et al. 2 

34 

+ 

4 

- 

- 

+ 

- 

- 

- 

4 

- 

- 

- 

4 

- 

- 

- 

- 

- 

4: 

- 

- 

+ 4.7 

Salzman et al. 2 

35 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4 

4 

- 

- 

- 

Stern et ah 

36 

+ 

+ 

+ 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4 

4 

- 

- 

- 

Taylor and Wadsworth 

37 

4 

- 

- 

4 

+ 

- 

- 

- 

4 

- 

- 

- 

- 

4 

- 

4! 

- 

- 

4 

- 

4 

- 

Toyoshima et ah 2 

38 

- 

- 

4 

4 

4 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

Chen et al. 

39 

+ 

+ 

4 

+; 

+ 

+ 

+ 

+ 

+ 

- 

- 

- 

- 

4 

- 

4 

- 

4 

4 

4 

4 

4 3 

Marks 

40 

+ 

- 

- 

- 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

Chen 

41 

4 

- 

- 

+ 

4 

+ 

- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

4 

4 

4 

4 

- 

M urray and Morrison 

42 

- 

4 

+ 

+ 

- 

- 

+ 

- 

- 

+! 

- 

- 

4 

- 

- 

- 

- 

- 

4 

4 

- 

- 

Ostro 

43 

4 

- 

4 

+ 

- 

+ 

- 

- 

+ 

- 

- 

+! 

- 

4 

- 

- 

- 

4 

4 

4 

- 

- 

Harsten et all 2 

44 

- 

- 

+ 

- 

- 

4 

- 

+ 

4 

- 

- 

- 

- 

4 

- 

4 

- 

4 

4 

4 , 


- 

Ross et al. 2 

45 

+ 

4 

4 

+; 

- 

- 

- 

- 

4 

- 

- 

4 

4 

- 

- 

4 

- 

4 

4 

- 

- 

- 

Weitzman et ah 

46 

+ 

- 

- 

- 

- 

- 

- 

- 

4 

- 

- 

- 

- 

- 

- 

4 

- 

- 

4 

4 

- 

- 


4 - Indicates that 1 potential confounding variables were considered in a particular study. 

1 Corresponds to numbers in table 1. 

2 Clinical endpoints verified. 

3 Age of sibling: 

4 Age of parent. 

5 Family composition; 

6 Method of paying hospital billJ 

7 Mother working during pregnancy. 


74i Witorsch/Witorsch Parental/Household Smoking and 

Respiratory Health in Preschool-Age 

Source: https://www.industrydocuments.ucsf.ediiPidioes/zsyxOOOO 


2023510617 





















Table 3. Number of individual potential confounders considered 
in each of Ihc epidemiologic studies 


Study 

Refer¬ 

ence 

Confounders considered 
(out of a possible 22‘) 

Cameron et al. 

6 

4: 

Camcron/Robertson 

7 

9 

Colley et al. 

8 

7 

Harlap/Davics 

9 

6 

Leederet al. 

10 

8 

Rantakallio 

11 

7 

Sims et al. 

12 

7 

Dutau et al. 

13 

1 

Speizer et al. 

14 

7 

Dutauet al. 

15 

7 

Fergusson etal. 

16 

9 

Pullan and Hey 

17 

7 

Ekwo et al. 

18 

4 

Schcnker et al. 

19 

8 

Hall et all 

20 

8 

Ware et all 

21 

9 

Fergusson and Horwood 

22 

10 

Ferris el all 

23 

9 

Pedreira et al. 

24 

5 

Tominaga and It Oh 

25 

5 

Chen et al. 

26 

113 

McConnochie and Roghmann 

27 

114 

Park and Kim 

28 

10 

Bisgaard ct al. 

29 

10 

Cogswell et al. 

30 

6 

Fleming et al. 

31 

8 

Geller-Bernstcin et al. 

32 

4 

Kershaw 

33 

5 

Ogston et al. 

34 

7 

Salzman ct al. 

35 

3: 

Stern el al. 

36 

6 

Taylor and Wadsworth 

37 

8 

Toyoshima et al. 

38 

4: 

Chen et al. 

39 

16 

Marks 

40 

3 

Chen 

4:11 

9 

Murray and Morrison 

42 

8 

Ostro 

43 

10 

Harsten et al. 

44 

9 

Ross et al. 

45 

10 

Weitzman et all 

46 

5 

11 As listed in table 1. 


Table 5 details the treatment of family health history 
as a potential confounding variable. Among the criteria 
used for this variable were: parental respiratory disability 
based upon morning phlegm production in winter; sibling 
respiratory symptoms and diseases; family history of 
atopy and wheezing; parental cough; exclusion of subjects 


on the basis of a disturbed family background; history of 
wheeze in first degree relatives; parental history of bron¬ 
chitis, emphysema and asthma; history of asthma, allergic 
rhinitis and eczema in parents and siblings; adult chronic 
respiratory disease in the family; number of sick children 
in the household; family history of acute otitis media, and 
recent family history of respiratory infection: 

Table 5 shows that in 6 of the studies [12, 17, 18, 20, 

31, 38], no association was observed between family 
health history and clinical endpoints, while a direct asso¬ 
ciation was observed in 12 studies [8, 10, 15, 19, 21,23- 
25, 27, 28, 33, 43]. A possible interaction was noted 
between maternal smoking and family health history in 1 
study [25]. In 2 studies [30, 42], the population was 
matched or considered homogeneous for family health 
history and, thus, provided no data on associations. In 6 
studies [22, 26, 36, 39, 44, 45], no information regarding 
associations of the endpoint and family health history was 
provided (‘none reported’). In 12 studies [8, 10, 18, 19; 
21-23, 26, 27, 36, 39, 43], the observed association 
between parental smoking and prevalence of respiratory 
symptoms and diseases in children was adjusted for 
family health history in some way other than that pro¬ 
duced by homogeneity or matching. 

Details regarding the treatment of personal health his¬ 
tory as a potential confounder are provided in table 6. 
Among the specific criteria for this potential confounder 
were illness in the past year, birth weight, birth order, his¬ 
tory of respiratory syncytial virus (RSV) bronchiolitis or 
RSV infection, gestational age, perinatal status, early 
eczema, early respiratory illness, birth interval: atopic his¬ 
tory, body fluid immunoglobulins, history of lower respi¬ 
ratory tract infections, history of hospital admissions for 
chest problems, pertussis immunization status, eosino- 
philia history, and previous attacks of acute otitis media. 
While no association with respiratory symptoms and dis¬ 
eases was observed in 4 studies [16, 26, 33. 38], a direct 
association was found in 8 studies [9, 17, 20, 22, 29, 30, 

32, 38]. An interaction between low birth weight; other 
variables and household smoking is suggested in another 
study [39]. No data could be provided on associations rel¬ 
ative to this variable in 5 studies. [6, 7, 12, 27,42] because 
populations were either matched or considered homoge¬ 
neous. No information on the influence of personal health 
history on respiratory illness was reported in 6 of the stud¬ 
ies [8, 28, 37, 41, 43, 45]. In 8 studies that reported an 
association between parental/household smoking and 
clinical endpoints [8,9, 30, 32, 37, 39,40,43], adjustment 
was made for personal health history of the subject in 
some way other than that of matching and homogeneity. 
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Table 4. Consideration of SES in the epidemiologic studies 


Study 

Refer¬ 

ence 

Parameters) 

Associations 

Cameron etal.) j- 

6 

automatic dishwasher 

NA (matched) 

Cameron and Robertson 

\'l ' 

median yearly income 

NA (matched) 

Colley et al. 

8 

social class 

none reported 

Harlap and Davies 

9 

husband's occupation 

none reported 

Lccder et al. 

10 

father's occupation 

none observed 

Rantakallio 

m 

father’s occupation; taxable income of families; 
matched for marital status of mother 

none reported 

Sims et al. 

12 

social class based on occupation 

NA (matched) 

Dutau et all 

13 

none 

NA 

Speizer et al. 

14 

educational attainment and occupation of 
both parents 

none observed i 

Dutau ct al. 

15 

none 

NA 

Fergusson et a!. 

16 

education; family living standards; maternal 
ethnic status; family income 

none reported 

PullanandHey 

17 

social class 

NA (matched) 

Ekwoetial. 

18 

subjects were from middle and upper social 
classes 

NA (homogeneous) 

Schenker et all 

19 

SES scale based on parental occupation and 
education; sample was 98% white 

severe chest illness before 
2 years of age inversely 
related to SES 

Hall let al. 

20 

cases and controls matched for race 

NA (matched) 

Ware et al. 

21 

parental occupation and education; Green SES 
scale based on income, occupation, ethnicity and 
maternal education 

none reported 

Fergusson and Hbrwood 

22 

Elley and Irving scale (which incorporates mater¬ 
nal age, family size, maternal educational level, 
children's ethnicity, and social and economic 
status of family) 

none reported 

Ferris et al. 

23 

three levels of SES based on mean number of 
years of schooling of the parents 

respiratory illness before 
the age of 2 years is 
inversely related to SES 

Pedreira et al. 

24 

89% of subjects were white 

NA (homogeneous) 

Tominaga and Itoh 

25 

none 

NA 

Chen et al. 

26 

family income; father’s education 

none reported 

McConnochieandi 

Roghmann 

29 

subject population primarily composed of while 
middle-class families; dichotomous SES index 
based upon level of maternal education 

none observed 

Park and Kim 

28 

father’s occupation; parental education; 
economic status (upper, middle, lower) 

none observed 


i 
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Table 4 (continued) 


Study 

Refer-. 

ence' 

Parameter^) 

Associations 

Bisgaard et all 

29 

social status scale based on occupation, salary, 
education, and type ofliving accommodation 

low social status score a 
risk factor for wheeze in 
infancy 

Cogswell et al. 

30 

social class 

none observed 

Fleming et al. 

31 

ethnicity; family income 

none observed 

Gellbr-Bernstein et al. 

32 

none 

NA 

Kershaw 

33 

civilian vs. armed service 

none observed 

Ogslon et al. 

34 

father’s employment (manual vs. nonmanual) 

respiratory and alimem 
tary illnesses inversely 
related to social class 

Saizman et al. 

35 

matched for ethnicity 

NA (matched)! 

Stern et al. 

36 

study locales of similar demographic and eco¬ 
nomic profiles; adjusted for parental education 

none reported 

Taylor and Wadsworth 

37 

assessment of home equipment by health visitor 
(luxurious, high, average, low, very low standard); 
numberof times family moved during child's 
life; social index (based on domestic crowding, 
parental education, tenure of accommodation, 
type of neighborhood, parental occupation) 

none reported 

Toyoshima et al. 

38 

none 

NA 

Chen et al. 

39 

father's educational status (university, secondary, 
primary); average living costs per capita 

none observed! 

Marks 

40 

ethnicity (English/Irish, Asian, West Indian) 

none observed for 
wheezing, coughing; 

West Indian children 
had significantly higher 
incidence of chest colds 

Chen 

41 

annua! income; father's education (university, 
secondary, primary) 

none reported 

Murray and Morrison 

42 

none 

NA 

Ostro 

43 

education of head of household; family income; 
work status of mother; ethnicity 

positive interaction be¬ 
tween maternal smoking 
and nonworking mother 
and acute respiratory 
illness 

Harsten et al. 

44 

none 

NA 

Ross et al. 

45 

'lr 

social class based upon occupation; number of 
parents/adults in house 

none observed 

Weitzman et al. 

46 

race; presence of both biological parents; family 
income; maternal education (less than high 
school, high school, college) 

none reported 


* 
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Table 5. Consideration of family health history in the epidemiologic studies 


Study 

Refer¬ 

ence 

Parameters) 

Associations 

Cameron et al. 

6 

none 

NA. 

Cameron and Robertson 

7 

none ‘ * 

NA: 

Colley ctal. 

8 

parental respiratory disability based upon 
morning phlegm production inwinter 

incidence of bronchitis and pneumonia at 1 year of 
age associated with parental symptoms; association 
disappears at 2-5 years 

Harlap and Davies 

9 

none 

NA 

Leeder etal. 

10 

parents (morning phlegm in winter; asthma- 
wheeze); siblings (cough-phlegm, bronchitis, 
pneumonia, coldfc, whooping cough, etc.) 

incidence of bronchitis and pneumonia at I year of 
age associated with parental asthma-wheeze and sib¬ 
ling bronchitis and pneumonia; incidence of upper re¬ 
spiratory illness (bad colds) at 1 year of age associated 
with parental cough-phlegm and sibling bronchitis 
and pneumonia 

Rantakallio 

11; 

none 

NA 

Sims et al. 

12 

family history of atopy and wheezing 

none observed .* 

Dutau et all 

13 

none 

NA 

Speizer et al. 

14 

none 

NA 

Dutau ct al. 

15 

parental coughing 

parental coughing associated with coughing in 
children 

Fergusson et all 

116: 

none 

NA 

Pullan and Hey 

17 

exclusion of subjects on the basis of dis¬ 
turbed family background; history of wheeze 
in first degree relatives 

none observed 

Ekwo.et all 

18 

parental respiratory history 

none observed 

Schenker etal. 

19 

parental respiratory and allergic history 

parental history associated with severe chest illness in 
children < 2 years of age 

Hall et al. 

20 

family history of atopy (allergic rhinitis, 
asthma) 

none observed 

Ware et al. 

21 

history of bronchitis, emphysema* or asthma 
of either parent 

parental history strong risk factor for respiratory 
illness in children <2 years of age 

Fergusson iand Horwood 

22 

history of asthma, allergic rhinitis, and 
eczema in parents and siblings 

none reported 

Ferris et all 

23 

history of bronchitis, emphysema, or asthma 
of either parent 

parental history of respiratory illness associated with 
respiratory illness <2 years of age 

Pedreira et ah 

24 

family history of chronic cough, chronic 

family history of cough and bronchitis are associated 


bronchitis, asthma, other respiratory illness with increased bronchitis (but not tracheitis) in 


infants; family history of asthma or other respiratory 
illnesses not associated with bronchitis or tracheitis 
in infants 


Tominaga and Itoh 

25 

family history of cough and sputum 

associated with common colds (but not asthmatic 
bronchitis) in 3-year-oldS; possible interaction with 
maternal smoking for asthmatic bronchitis 

Chen et al 

26 

adult cases of chronic respiratory disease in 
family 

not reported 


♦ 
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Table 5 (continued) 


Study 

Refer¬ 

ence 

• Parameters) 

Associations 

McConnochie and' 
Roghmann 

27 

history of hay fever (and/or allergic rhinitis) 
or asthma in parents and/or siblings 

family history of asthma (but not allergy) risk factor 
for bronchiolitis 

Park and Kim 

28 

cough and phlegm in household 

cough in household associated with cough in children 

Bisgaard et al. 

29 

none 

NA 

Cogswell let al. 

30' 

all children had a parental history of asthma 
or hay fever 

NA (homogeneous) 

Fleming et al. 

31 

number of children sick within household 

none observed 

Geller-Bernstein etal. 

32 

none 

NA 

Kershaw 

33 

family history of atopic symptoms in first 
degree relatives 

predictor of asthma 

Ogston et al. 

34 

none 

NA 

Salzman et al. 

35 

none 

NA 

Stern et ai. 

36 

history of chronic respiratory illhess in either 
parent 

none reported 

Taylor and Wadsworth 

37 

none 

NA 

Toyoshima et al. 

38 

major allfergy (atopic dermatitis, asthma, 
rhinitis, recurrent urticaria) and minor 
allergy (adverse drug reaction) in relatives 

none observed 

Chen et al. 

39 

adult history of chronic respiratory disease 

none reported 

Marks 

40 

none 

NA 

Chen 

41 

none 

NA 

Murray and Morrison 

42 

exposed and nonexposed children compara¬ 
ble with regard to family history of asthma 

NA (matched) 

Ostro 

43 

parental respiratory illness 

significantly associated with days children spent in 
bed due to respiratory illness 

Harsten et al. 

44 

family history of allergy (eczema, asthma, 
hay fever, nettle rash, drug allergy):and acute 
otitis media 

none reported 

Ross et all 

45 

recent family history of respiratory infection 

none reported 

Weitzman et al. 

46 

none 

NA 


As shown in table 7, the following specific criteria were 
used to characterize infant feeding as a confounding vari¬ 
able: early infant diet; presence or absence of breast feed¬ 
ing; duration of breast feeding; method of infant feeding 
(breast, mixed, artificial); time of initiation of formula, 
whole milk and solid food; age of weaning, and formula 
use after 1 month of age. No association between the end¬ 
point and infant feeding was observed in 7 studies [20, 27, 
29, 30, 31, 34, 38]. A direct association between artificial 


feeding and increased prevalence of respiratory symp¬ 
toms and/Or certain diseases in children (or an inverse 
relationship of the endpoint with breast feeding) was 
noted in 2 studies [26, 32]. In 2 studies, infant feeding 
appeared to interact with other confounding variables 
and/or household smoking [39, 41]. No information per¬ 
taining to an association between this variable and end¬ 
points was reported in 3 studies [16* 22, 37]. The associa¬ 
tion between parental/household smoking and prevalence 
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Table 6. Consideration of subject’s personal health history in the epidemiologic studies 


Study 

Refer¬ 

ence 

Parameters} 

Associations 

Cameron et al. 

6 

no difference between exposed and nonexposed 
subjects with regard to illness within the past year 

NA (matched) 

Cameron and Robertson 

7 

staled that most of the children were not ill 

NA (homogeneous) 

Colley et al. 

8 

subjects from multiple births excluded from 
study; birth weight 

none reported 

Harlap and Davies 

9 

birth weight; birth order 

admission rates for respiratory illnesses are 
elevated in infants with low birth weights 

Leeder et al. 

10 

none 

NA 

Rantakallio 

11 

birth order of exposed and nonexposed subjects 
matched 

NA 

Sims et al. 

12 

cases (RSV bronchiolitis) and controls matched 
for birth weight and atopic history 

NA (matched) 

Dutau et ali 

13 

none 

NA 

Speizeret al. 

14 

none 

NA 

Dutau et al. 

15 

none 

NA 

Fergusson et al. 

16 

birth weight; gestational age 

none observed! 

Pullan andiHey 

17 

subjects excluded from the study on the basis of 
physical handicap (spina bifida, tracheoesopha¬ 
geal fistula, cyanotic congenital heart disease, 
myopathy, leukemia) severe enough to interfere 
with assessment; history of RSV infection during 
1st year of life 

RSV infection associated with wheeze at 

0-4 years of age 

Ekwo ct al. 

18; 

none 

NA 

Schenker et al. 

19 

none 

NA 

Hall et al; 

20 

subjects were excluded from the study on the 
basis of underlying disease other than RSV; age 
of hospitalization for RSV lower respiratory 
tract disease 

younger age (< 12 weeks) at time of hospitaliza¬ 
tion for RSV disease associated with lower 
arterial O 2 at 4-5 years of age 

Ware et al. 

21 

none 

NA 

Fergusson and Horwood 

22 

perinatal status (birth weights, gestational ages) 
early eczema; early respiratory illness 

respiratory illness at 0-2 years of age associated 
with same at 2-4 and 4^6 years of age 

Ferris et ai. 

23 

none 

NA 

Pedreira et al. 

24 

none 

ti NA 

Tominaga and Itoh 

25 

none 

NA 

Chen et alJ 

26 

birth weight; relatively few (2-3%) multiple 
births; children excluded on basis congenital 
heart disease and death before 18 months of age 

none observed for birth weight 
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Table 6 (continued) 


Study 

Refer¬ 

ence 

Parameters) v 

Associations 

McConnochie and 
Roghmann 

27 

cases (bronchiolitis) and controls excluded for 
medical abnormalities (premature birth, cardiac 
anomaly, neuromuscular disorder, esophageal 
atresia) 

NA (homogeneous) 

Park and Kim 

28 

birth order, birth interval 

none reported 

Bisgaard et al. 

29 

birth weight 

low birth weight (<2,500 g) associated with 
increased wheezing during the 1st year of life 

Cogswell et al. 

30 

atopic history (eczema or skin prick test); body 
fluid IgE and IgA 

atopic history associated with wheezing in chil¬ 
dren; IgE (but not IgA) associated with wheeze 

Fleming et al. 

31 

none 

NA 

Gellbr-Bernstein et al. 

32 

history of lower respiratory tract infections; blood 
IgE; all were atopic by skin test 

history of respiratory illness negatively correlated 
with recovery of persistent wheeze; none 
observed for IgE 

Kershaw 

33 

previous hospital admissions for chest problems; 
pertussis immunization status; chest deformity; 
evidence of atopy and/or atopic potential; serum 
IgE 

none observed for IgE and pertussis immuni¬ 
zation^ and chest deformity; none reported 
hospitalization history 

Ogston et al. 

34 

none 

NA 

Salzman et al. 

35 

none 

NA 

Stern et al. 

36 

none 

NA 

Taylor and Wadsworth i 

37 

birth weight; birth order 

none reported 

Toyoshima ct al. 

38 

serum IgE; eosinophilia history (and age of initial 
wheezing); allergic history (eczema, allergic rhini¬ 
tis, recurrent urticaria, food allergy); disturbances 
at birth; fever with wheezing 

eosinophilia found in asthmatic infants more 
than in nonasthmatic infants; age of initial 
wheezing in asthmatic infants significantly older 
than in nonasthmatic infants; none observed for 
other variables 

Chen et al. 

39 

preterm birth; birth weight 

low birth weight (along with artificial feeding and 
male gender) may enhance association between 
household smoking and hospitalization due to re¬ 
spiratory illness during the first 18 months of life 

Marks 

40 

none 

NA 

Chen 

41 

birth weight; multiple births 

none reported 

Murray and Morrison 

42 

all asthmatics; exposed and nonexposed matched 
for number and duration of colds, atopy (by skin 
test); size of mite reaction larger in exposed than 
in nonexposed subjects 

NA (matched) 

Ostro 

43 

existence of chronic health conditions 

none reported 

Harslen et al. 

44 

none 

NA 

Ross et al. 

45 

number of previous attacks of acute otitis media 

none reported 

Weitzman et al. 

46 

none 

NA 
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Table 7. Consideration of breast versus bottfe feeding of infants in the epidemiologic studies 


Study 

Refer¬ 

ence 

Parameters) 

Associations 

Fergusson et.al. 

16 

early infant diet 

none reported 

Hail et alj 

20 

breast feeding 

none observed 

Fergusson and Horwood 

22 

presence, absence and duration of breast 
feeding 

none reported 

Chen et al. 

26 

method of infant feeding (breast or mixed vs. 
artificial) 

artificial feeding predictor of hospital admissions for 
respiratory infections in children 18 months 

McConnochieand 

Roghmann 

27 

breast feeding (occurrence and duration) and 
time of initiation of formula, whole milk and 
solid food 

none observed 

Bisgaard et all 

29 

age of weaning from breast 

none observed 

Cogswell et al. 

30 

duration of breast feeding 

none observed 

Fleming et ali 

31' 

breast feeding in children <6 months of age 

none observed 

Geller-Bernstein et.al. 

32 

breasti feeding 

inversely associated with persistence of wheeze 

Ogston et al. 

34 

bottle vs. breast feeding 

none observed upon regression analysis 

Taylor and Wadsw.orth 

37 

breast feeding 

none reported 

Toyoshima et al. 

38 

use of formula after 1 month of age 

none observed 

Chen et.al. 

39 

breast/mixed feeding vs. artificial feeding 

artificial feeding (along with male gender and low birth 
weight) may enhance association between household 
smoking and hospitalization due to respiratory illness 
during the first 18 months of life 

Chen 

41 

breast/mixed feeding vs, artificial feeding 

artificial feeding enhanced dose-response relationship 
between household smoking and incidence of hospital¬ 
ization due to respiratory illness during the first 

18 months oflife 


of respiratory symptoms and disease in preschool chil¬ 
dren was adjusted for infant feeding in some way other 
than by matching or homogeneity in 4 studies [16, 22, 26, 
37]. 

As detailed in table 8, the specific criteria for day care 
use were: home care vs. day care and kindergarten; day, 
care outside the home; and home care vs. family care vs. a 
day-care center. The population was considered homoge¬ 
neous for this variable in 1 study [27] and was omitted 
from the regression model in another [39]. A direct asso¬ 
ciation between day care and the prevalence of respira¬ 
tory symptoms and/or disease was reported in 4 studies 
[5,29,31,44]. The observed association between parental 
household smoking and endpoint was adjusted for this 
variable in 2 studies [29, 31], 


Table 9 provides details on 4 potential confounding 
variables: (a) gas fuel usage; (b) indoor pollution other 
than gas fuel usage; (c) dampness and cold, and (d) type of 
heating and air-conditioning. The criteria used for gas fuel 
usage were gas fuel usage, gas cooking fuel, cooking 
stoves, home cooking fuel, and gas for cooking and heat¬ 
ing. This variable was matched in 1 study [42]. No asso¬ 
ciation for gas fuel usage and the endpoint was observed 
in 4 studies [19, 21,25, 34], while gas fuel use was associ¬ 
ated with the prevalence of respiratory symptoms and dis¬ 
ease in 3 studies [4, 18, 45]. No information regarding 
associations of the endpoint and gas fuel usage was 
reported in 4 studies [23, 27, 36*. 39]. The observed asso¬ 
ciation between parental/household smoking and inci¬ 
dence of respiratory illness was adjusted for gas fuel usage 
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Table 8. Consideration of day care use in the epidemiologic studies 


Study 

Refer¬ 
ence . 

Parameters) ; 

Associations 

Dutau ct.al. 

15 

home care vs. day care and kindergarten 

respiratory index (rating based upon 6 parameters of 
respiratory illness) elevated in children (1 month-6 years) 
who go to day care or kindergarten compared to those 
cared at home 

McConnochie and 
Roghmann 

27 

none of the subjects were in day care during 
the study period (first 2 years of life) 

NA (homogeneous) 

Bisgaard et al. 

29 

day care outside of the home 

day care outside of the home associated with increased 
wheezing during the 1 st year of life 

Fleming et al. 

31 

day care (defined as supervised care of at 
least 2 unrelated children (>4 h/week)) 

associated with increased upper respiratory infection and 
ear. infection in children < 5 years of age 

Chen et all 

39 

use of day care 

omitted from regression model 

Hasten et al. 

44 

home care vs. family day care (4-6 chil¬ 
dren) vs. day care centers (10-12 children) 

select forms of respiratory tract infection elevated in 2- and 
3-year olds attending day care centers relative to family day 


care and home care 


in 2 studies [6,25]: A potential interaction between paren¬ 
tal smoking and this variable was reported in another 
study [18] (tablfc 9): 

The criteria used for indoor pollution other than gas 
stove usage were: ventilation problems; quality of ventila¬ 
tion; kerosene stove; ventilated heater; coal for cooking, 
and woodstove emissions. Two studies were matched for 
indoor pollution[7,42]. Nb association with the endpoint 
was observed in 1 study [25], and no information on an 
association was reported in 2 studies [26, 39]. The ob¬ 
served association between parental smoking and the end¬ 
point was adjusted for indoor pollution in 1 study [25] 
(table 9). 

The criteria used for dampness and cold were: cold 
temperature; relative humidity; temperature in the bed¬ 
room and living room; the absence of a radiator in the 
bedroom, and minimum winter temperature. No associa¬ 
tion was observed for cold in 1 study [15], while in 
another study respiratory illness in children was associ¬ 
ated with cooler, more humid bedrooms [45]. No infor¬ 
mation concerning associations attributable to this vari¬ 
able was available in 1 study [43]. In this particular study, 
the effect associated with ETS was adjusted for this vari¬ 
able [43] (table 9), 

The specific criteria used for type of heating and air- 
conditioning were: type of heating (oil, gas, electric); heat¬ 


ing fuel and air-conditioning; presence of an air condi¬ 
tioner; home heating methods; wood stove use, and gas 
vs. central heating. This potential confounding variable 
was matched in 1 study [42]. No association between this 
variable and endpoint was observed in 3 studies [14, 21, 
23]i while an association was observed in 4 studies [15, 
25, 34, 45]. No information regarding an association was 
available in 1 study [27], An observed association be¬ 
tween parental smoking and the endpoint was adjusted 
for this variable (other than by matching) in 1 study [34] 
(table 9). 

Table 10 deals with the treatment of gender as a poten¬ 
tial confounding variable. This variable was matched in 1 
study [12]. No association between gender and respira¬ 
tory illness was observed in 5 studies [19, 28, 31, 32, 44]; 
while in 8 studies [10, 17, 21, 23, 27, 29, 33, 41], male 
gender was associated with increased prevalence of respi¬ 
ratory illness. An interaction between male gender and 
other variables and household smoking was suggested in 1 
study [39]. In no study was such an association found for 
female gender. No information was available for gender 
as a potential variable in 9 studies [6, 11, 14, 20, 22, 26, 
42, 43, 46]. Observed associations between parental/ 
household smoking and respiratory illness were adjusted 
for gender (other than by matching) in 5 studies [10, 21, 
29,41,42]. 


83 


Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 


2023510626 


Table 9. Consideration ofigas fuel usage, indoor pollution, dampness and cold; and type of heating and presence of air-conditioning in the 


epidemiologic studies 


Study 

Refer¬ 

ence 

Parameters) 

Associations 

Cameron and Robertson 

7 

B) percent reporting ventilation problems 
similar for exposed vs. non exposed 
households 

NA (matched) 

Speizer ct all 

14 

A) gas fuelusage (monitored mass 
respirable particles and N0 2 ): 

D) type of heating (oil, gas, electric) 

A) associated with serious respiratory illness before age 
of 2 years 

D) none observed 

Dutau et ai. 

15 

C) cold temperature 

D) collective vs. individual heating 

C) none observed 

D) collective heating associated with increased 
respiratory illness 

Ekwo et al. 

18 

A) gas cooking fuel 

A) associated with increased risk of hospitalization for 
respiratory illness before 2 years of age 

Schenker et al 

19 

A) cooking stove fuel (gas electric or other) 

A) none observed 

Ware et al. 

21 

A) use of gas cooking 

D) heating fuel and air-conditioning 

A) none observed 

D) dropped from regression analysis because it did not 
figure into regression 

Ferris-et al. 

23: 

A) use of gas cooking 

D) heating fuel and air-conditioning 

A) none reported 

D) dropped from regression analysis because it did not: 
figure into regression 

Tominaga and Itoh 

~25 

A) gas stoves 

B) kerosene stove, electric stove, ventilated 
heater 

D) air conditioner 

A) none observed 

B) none observed 

D) associated with increased common colds in 3-year 
olds 

Chen et all 


B) coal used for cooking 

B) none reported 

McConnochie and 
Roghmann 

27 

A) home cooking fuel 

D) home heating methods 

A) none reported 

D) none reported 

Ogston et al 

~~34 

A) gas cooking and heating 

D) type of heating (e.g. coal, gas, electric, 
etc.) 

A) none observed for gas cooking 

D) respiratory illhess during 1st year of life associated 
with type of heating (gas and electric > central 
storage and coal) 

Stern et al 

36 

A) gas cooking in the home 

A) none reported 

Chen et al 

39 

A) : cooking fuel (coal, gas) 

B) ventilation in home (good, fair, bad): 

A) none reported 

B) none reported 

Murray and Morrison 

42 

A) exposed and nonexposed children were 
comparable for gas stove usage 

B) , D) exposed and nonexposed children 

were comparable for emissions for 
woodstove use for heating 

A) NA (matched) 

B) , D) NA (matched) 

Ostro 

43 

C) winter minimum temperature 

none reported 

Ross et al 

45 

A) gas use for heating and cooking 

C) mean relative humidity and tempera¬ 
ture in bedroom and living room; 
central heating radiator vs. no heating 
in child’s bedroom 

D) gas vs. central heating 

A) seeD) 

C) upper respiratory infection in children 3^5 years old 
associated with cooler bedrooms and higher relative 
humidity 

D) wheezing associated with gas vs. central heating in 
children 3-5 years old 

A)- Gas fuel B)» indoor pollution; C) = dampness/cold; D)-> type of heating/presence of air-conditioning. 
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Table 10. Consideration of gender in the epidemiologic studies 


Study y 

Refer¬ 

ence 

Parameter(s) 

Associations 

Cameron et al. ■ 

6 

exposed and nonexposed 
children matched for gender 

none reported 

Leeder et al. 

10 

gender 

bronchitis/pneumonia of males > females 
in children < 5 years of age 

Rantakallio 

111 

exposed and nonexposed 
children matched for gender 

none reported 

Sims et a!. 

12 

cases (RSV bronchiolitis) and 
controls matched for gender 

NA (matched case-control)' 

Speizer et al. 

14 

gender 

none reported 

Pullan and Hey 

17 

cases (RSV infection) and 
controls matched for gender 

episodes of wheeze in boys > girls (0-2 
years); none observed for recurrent wheeze 

Schenker et al. 

19 

gender 

none observed for chest illness in children 
<2 years of age 

Hall et al. 

20 

cases (RSV infection) and 
controls matched for gender 

done reported 

Ware et al. 

21! 

gender 

males > females for respiratory ill ness 
before 2 years of age 

Fergusson and Honvood 

22 

gender 

none reported 

Ferris et all 

23 

gender 

males > females for respiratory illness 
before 2 years of age 

Chen et al. 

26 

gender 

none reported 

McConnochie and 
Roghmann 

27 

cases (bronchiolitis)and 
controls matched for gender 

incidence of bronchiolitis up to 2 years of 
age in males > females 

Park and Kirn 

28 

gender 

none observed 

Bisgaardiet al. 

29 

gender 

incidence of wheezing at 1 year of age in 
males > females 

Fleming et all 

31 

gender 

none obser/ed 

Geller-Bernslein et al. 

32 

gender 

none observed 

Kershaw 

33 

gender 

majority of asthmatics < 3 years of age were 
males 

Chen et all, 1988 

39 

gender 

male gender (along with low birth weight 
and artificial feeding) may enhance 
association between household smoking 
and hospitalization due to respiratory 
illness during the First' 18 months of life 

Chen 

"41 

it; 

gender 

frequency of hospitalization due to 

respiratory illness at 18 months of age in 
males > than females 

Murray and Morrison 

42 

gender 

none reported 

Ostro, 1989 

43 

gender 

none reported 

Harsten et al., 1990 

44 

gender 

none observed 

Weitzman et al., 1990 

46 

gendbr 

none reported 


\ 
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Table 11. Consideration oflagc of the subject in the epidemiologic studies 


Study 

Refer¬ 

ence 

Parameter(s) 

Associations 

Cameron etal. 

6 

<16, <9 and <5 years of age 

no age analysis within preschool-age group 

Cameron and Robertson 

7 

0-5, 6-9 JO-16 years of age 

no age analysis within preschool-age group 

Colley et al. 

8 

0-5 years, longitudinal study 

association between bronchitis and pneumonia in 
children and parental smoking or parental phlegm 
disappears by 2 years of age 

Harlapand Davies 

9 

age in months during 1 st year of life 

association between smoke exposure and admission 
rates for bronchitis/pneumonia observed at 6-9 months 
but not 0-5 months of age 

Lcedcr et al. 

10 

1st year of life 

NA (homogeneous) 

Rantakallio 


compared subjects < l year of age with, 
those 1-5 years of age 

the ‘dose-response’ relationship between maternal 
smoking and respiratory diseases in children < I year 
of age was not demonstrable in children 1-5 years old 
(although maternal smoking association observed for 
both age groups) 

Sims et al. 

12 

1st year of life 

NA (homogeneous) 

Dutau et al. 

13 

compared those children aged l-12months 
with total group <6 years of age 

at 1-12 months of age prevalence of chronic cough less 
tham while prevalence of asthmatoid bronchitis, rhino¬ 
pharyngitis, and laryngitis more than total group (all 
children were smoke-exposed with no unexposed icon- 
trol children); total number of children is small (n - 40) 

Speizer et all 

14 

respiratory illness in children <2 years old 
was one of the endpoints 

NA (homogeneous) 

Dutauet al. 

15 

!' month-6 years of!age 

no age comparisons within this age group 

Fergusson et al. 

16 

1,2, 3 years of age 

association between maternal smoking and bronchitis/ 
pneumonia disappears bv 3 years of age 

Pullan and Hoy 

1,7 

10-ycar longitudinal study; history of 
wheeze from 0-4 years of age was an end¬ 
point 

no age comparison within this age group 

Ekwo et al. 

18 

hospitalization for respiratory illness before 
age 2 was one of the endpoints 

NA (homogeneous) 

Schenker et all 

19 

severe chest illness prior to 2 years of age 
was one of the endpoints 

N A (homogeneous) 

Hallet ai. 

20 

8-year longitudinal study of subsequent 
effects of infantile RSV infection 

no age comparison within preschool-age group 

Ware et al. 

21 

respiratory illness before 2 years of age was 
one of the endpoints 

NA (homogeneous) 

Fergusson and Horwood 

22 

6-year longitudinal study 

rales of respiratory symptoms and illness higher in 
children 0-2 years old compared Ho those 2-6 years of 
age; association between maternal smoking and lower 
respiratory symptoms and infection in children dis¬ 
appeared after 2 years of age 

Ferris ct al. 

23 

respiratory illness before 2 years ofiage was 
one of the endpoints 

NA (homogeneous) 

Pcdreira el al. 

24 

1st year of life 

NA (homogeneous) 

Tominaga and Itoh 

25 

all children 3 years of age 

NA (homogeneous) 

Chen cl al. 

26 

0-18 months of age 

NA (homogeneous) 


i 


86 Witorsch/Witorsch Parcntal/HouscholdiSmoking and 

Respiratory,Health in Preschool-Age 

Source: https://www.industrydocuments.ucsf.edu/8blSg^syx0000 


2023510629 













Table 11 (continued) 


Study 

Refer- 

. ence 

Parameters) 

Associations 

MeConnochieand 

Roghmann 

27 

dases (bronchiolitis) and controls matched 
for age; retrospective study involving all 
children <2 years of age 

NA (matched and homogeneous) 

Park and Kim 

28 

0-14:yearsofage 

no separate evaluation within preschool-age group 

Bisgaard ct al. 

29 

1st year of life 

NA (homogeneous) 

Cogswell et al. 

30 

longitudinal study in children 0-5 years of 

majority (69%) of children had 1st episode of wheezing 


age with a genetic predisposition to allergic by 2 years of age; during the 1st year oflifc ingested 
disease allergen accounted for most of the (+) atopic reactions in 

children with eczema while at age 5 inhalant allergens 
were the predominant cause of (+) atopic reaction in 
children with eczema; parental smoking associated with 
wheeze at 5 years of age but not at I year of age 


Fleming et all 

31 

(K5 years of age (comparison above and 
below 36 months of age) 

children < 36 months were at greater risk of ear infec¬ 
tion than children > 36 months old; household crowd¬ 
ing increases risk pfupper respiratory tract infection 
in children < 36 months old 

Geller-Bernstcirvet all 

32 

<5 years of age 

no age comparisons in this group 

Kershaw 

33 

*= 6 years of age 

no age comparison in this group 

Ogston ct al. 

34 

within 1st year of life 

NA (homogeneous) 

Salzman et al. 

i 

35 

cases (croup) and controls matched for age; 
children < 5 years old vs. children < 1 year 
old 

none reported 

■ - - . — 

Stern ct al. 

36 

hospitalization for chest illness before the 
age of 2 was one of the endpoints 

N A (homogeneous) 

Taylor and Wadsworth 

! 

t 

37 

0-5 years of age, all subjects born at the 
same time; comparison of hospital admis¬ 
sion for lower respiratory illness at 0-12, 

12-35 and 35-59 months 

association between maternal smoking and hospital 
admissions for lower respiratory illness greatest at 

CM2 months of age 

! Toyoshima et al. 

38 

0-3 years of age; average age between cases 
(asthma) and 2 sets of controls (wheezy, 
nonwheezy) were not significantly different 

matched; however, initial age of wheezing for asthma 
group was significantly later than for controls 

i ! Chen ct al. 

1; 

39 

0-18 months of age; comparison of infants 
0-6 months old with those 7-18 months 
old 

association between household smoking and incidence 
of hospitalization due to respiratory illness declines at 
7-18 months compared to 0-6 months of age 

Marks 

40 

all children 4.5-5 years of age 

NA (homogeneous) 

Chen 

41 

0-18 months of age 

NA (homogeneous) 

Murray and Morrison 

42 

one of the age groups compared for asthma 
severity was 1-6 years of age 

no comparison made within this age group 

Ostro 

43 

0-6 years of age; adjusted for age 

none reported 

Harstenetal. 

! 

44 

0-3 years of age; endpoints analyzed on the 
basis of quarters 

selected respiratory diseases and ear infection more 
prevalent during year 2 than years 1 and 3; incidence of 
acute tonsillitis greater in years 2 and 3 than year 1; 
see table 8 for additional age-related associations 

Rossetal. 

45 

3-5 years of age 

NA (homogeneous) 

Weitzmanct aL 

46 

0-5 years of age; examined asthma onset at 

1 year and 2-5 years 

none reported 


87 

Source: https://www.industrydocuments.ucsf.edu/docs/zsyxOOOO 


2033510630 
















Table 11 shows that a wide variation of age ranges (i.e. 
^-3; 0-4, 0-5, 0-6 and 0-14 years, < 1 year, <2 years, 1 
ionth-6 years, 3 years of age and 4.5-5 years) and age 
comparisons (i.e. 0-5 vs. 6-9 months, 1-12 months vs. 
<6 years, 0-2 vs. 2-6 years, above and below 36 months, 
< I vs. < 5 years) were considered in the 41 relevant stud¬ 
ies. Ages were matched or subjects were homogeneous for 
age in 17 studies [10, 12, 14, 18, 19,21,23-25,27, 29, 34, 
36, 38, 40, 41, 45]. An association between age and the 
endpoint was observed in 7 studies [11,13,22, 30, 31,38, 
44]. Of these, prevalence of respiratory illness and disease 
was inversely associated with age in 5 studies [13, 22, 31, 
38, 44] and directly associated with age in 3 studies [13, 
30, 44]. A biphasic age-related association was found in 2 
studies [13, 44]. An interaction between age and day care 
use is suggested in 1 study [42], while another study sug¬ 
gests an interaction between age and crowding [31]i An 
interaction between age and parental/household smoking 
is suggested in six studies [8, 9, 11,16; 37,39], with all but 
1 [9]! showing that this association diminished with age. 
No information regarding an association between age and 
end point was provided in 12 studies [6, 7, 15, 17, 20, 28, 
32, 33, 35, 42, 43, 46]. In 5 studies where an association 
between parentai/household smoking and respiratory 
mptoms and illness was reported [8, 22, 31, 37, 38], 
adjustment was made for age of the subject other than by 
latching or homogeneity. In 1 study [30], an interaction 
was suggested between parental smoking, age and 
wheeze. 

The population was matched or considered homoge¬ 
neous for season as a potential confounding variable in 11 
studies [7, 12, 16; 17, 19, 20, 27, 31, 37, 39, 41] (data not 
shown), Season was associated with clinical endpoints in 
3 studies [9, 11, 43] where the prevalence of respiratory 
illness was greater in winter than at other times of year. In 
1 study [30], no association was observed for this variable. 
In 1 study [29], the risk of wheezing during the first year of 
life was greater for children born during April-September 
(spring-fall) than those bom during October-March (fall- 
winter) [29], while in another study, no association was 
seen for season of birth [30]. In 1 study [43], no informa¬ 
tion was provided regarding associations between season 
and respiratory illness. Three studies [9, 11,29] suggested 
that season or season of birth has little or no influence on 
the association between parental/household smoking and 
endpoint (data not shown);, 

Table 12 summarizes the associations between the 
foregoing potential confounding variables and the clinical 
idpoints in these studies. As can be seen from the table, 
there was an association between the potential confound- 


Table 12. Associations between potential confounding variables 
and clinicallendpoints in the epidemiologic studies 


Increased/decreased prevalence of symptoms/illness 1 
Family health history (+, 12/18 studies) 

Age(-, 5/6 studies) 

Gender (+ males, 8/13 studies) 

Personal health history (+ 8/12 studies) 

Day care use (+, 4/4 studies) 

Season (+ winter, 3/4 studies) 

No association observed 2 
SES (10/14 studies): 

Artificial feeding (7/9 studies) 

Gas fuel use/indoor.pollution (5/8 studies) 

Association equivocal 3 

Dampness and cold (+1 study, no association 1 study) 
Heating/air-conditioning (+4 studies, no association 3 studies) 


1 Number of studies with increased (+) or decreased (-) preva¬ 
lence/total number of studies addressing potential con founder, ex¬ 
cluding studies in which groups Were homogeneous or the variable 
was matched or associations not reported. 

2 Number of studies in which no association observed/total num+ 
her of studies addressing potential confounder, excluding studies in 
which the groups were homogeneous or the variable was matched or 
association not reported. 

3 + = increased prevalence of symptoms/illnesses associated with 
variablb. 


er and symptoms and/or illness prevalence in a majority 
of the studies relative to family health history (12 of 18 
studies), age (5 of 6), gender (8 of 13), personal health his¬ 
tory (8 of 12), day care use (4 of 4) and season (3 of 4). On 
the other hand, a majority of the studies observed no asso¬ 
ciation relative to SES (10 of 14 studies), artificial feeding 
(7 of 9) and gas fuel use and indoor pollution other than 
gas fuel (5 of 8). In the case of dampness and cold and 
heating/air-condilioning, the data were inconclusive. 


Discussion 

In this analysis, we used basically the same systematic 
protocol employed previously in studies of school-age 
children to extract information from epidemiologic 
studies of parental smoking and respiratory health in 
preschool children. Only 2 modifications were imple¬ 
mented. Confounder Nb. 21 in the original study, ‘active 
smoking in subjects’, was replaced by ‘maternal smoking 
during pregnancy’. It was considered unlikely that active 
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smoking would be a confounding variable in children 
under 5 years of age and none of the studies considered 
this variable. On the other hand, in utero effects of mater¬ 
nal active smoking could be a possible confounder rela¬ 
tive to associations between postnatal maternal smoking 
and the respiratory system effects in infants that would 
otherwise be attributed to ETS exposure [1-3]. As can be 
seen from table 1, however, only 4 studies addressed this 
particular potential confounder. Item 22 (‘others') was 
added when, in the course of this study, it became appar¬ 
ent that some confounders did not fit the 21 predeter¬ 
mined categories. As indicated in the body and footnotes 
of table 2, there were too few examples in this category 
(only 1 or 2 of each of the 5 different factors) to perform 
any valid analyses on their impact, if any. 

Among the 21 potential confounders that we looked at, 
there was wide variation from study to study in their con¬ 
sideration. Only 7 of the 21 potential confounders (SES, 
family health history, subject’s personal health history, 
family size, residence location, age and gender) were con¬ 
sidered in 50% or more of the 41 studies. This is similar to 
what was found relative to the confounders considered in 
the majority of clinical endpoint studies of school-age or 
older children, i.e. SES, family size, residence location, 
age and gender. In both sets of clinical studies, the age of 
the subject and SES were the 2 most frequently consid¬ 
ered confounders; addressed in 75-100% of the papers. 
The confounders that were considered relatively infre¬ 
quently (in <25% of the studies) or not at all in the epide¬ 
miologic studies of pre-school children were other forms 
of indoor pollution, day care use, animal exposures, 
stress, dampness/cold, season, occupational exposures, 
nutritional status of the subject, and maternal smoking 
during pregnancy. Some of the very same confounders 
were considered infrequently in the studies of school-age 
or older children, namely, indoor pollution, day care use, 
animal exposures, stress, dampness/cold, season, occupa¬ 
tional exposures and nutritional status [4]. 

Table 2 showed that there is wide variation from study 
to study in the array of confounders taken into consider¬ 
ation; a situation similar to that observed by us previously 
in studies of schoohage children [4]. When evaluated on 
the basis of number of confounders considered per study 
(table 3), the representation in each paper is poor. Only 3 
ofthe41 preschool studies considered more than lO ofthe 
21 potential confounding variables, with the largest repre¬ 
sentation of confounders being 16 in 1 study. The situa¬ 
tion was similar in studies of older children, where 7 of 45 
papers considered 10 or more confounders, with the larg¬ 
est number of confounders considered being 12 [4]. 


The clinical endpoints were validated by medical rec¬ 
ords or physical examination in 21 of the 41 studies on 
preschool children, which is considerably greater than the 
3 of 45 noted for studies in school-age children [4]. Nev¬ 
ertheless, it is noteworthy that in almost 50% of the stud¬ 
ies, even in preschool children, clinical endpoints were 
not validated. 

In the current report, 12 of the 21 potential confound¬ 
ers were analyzed in detail. Of those that have not been so 
analyzed^ residence location, family size, outdoor pollu¬ 
tion and quality of housing were considered in 23, 23, 16 
and 9 studies, respectively. Of the remaining variables, 
animal exposures, stress, nutritional status and maternal 
smoking during pregnancy were considered in relatively 
few (1-4) of the papers, while occupational exposures, as 
in the case of school-age studies [4], were not considered 
at all. 

Of the confounders examined in detail, a very large 
variety of specific criteria were used to define/determine 
SES, family health history, personal health history and 
age, in particular. This lack of standardization among 
these same potential confounding variables was also 
noted in our analysis of studies of parental/household 
smoking in school-age children [4, 5] 

Table 12 summarizes our findings with regard to the 
issue of which confounders appear to be consistently asso¬ 
ciated with increased risk of respiratory illness in chil¬ 
dren. They are family health history, young age, male gen¬ 
der, personal health history and, although involving rela¬ 
tively few studies, day care use and season. Of these, 
family health history, male gender and: personal healthi 
history were also found to be risk factors for respiratory 
illness, as well as influencing pulmonary function, in older 
children [4, 5]. 

As noted previously, family health history could in¬ 
fluence the respiratory system through either genetic or 
infectious mechanisms [4]. Most of the available studies 
in preschool children observed no consistent association 
for SES, artificial feeding and gas fuel use/indoor pollu¬ 
tion, or they were inconclusive (due to variable results or 
small numbers) relative to dampness/cold and heating/ 
air-conditioning. These same factors were either not asso¬ 
ciated with endpoints or gave equivocal results in studies 
of school-age children [4]. 

In addition to a lack of standardization in the types of 
confounders considered, their specific criteria, the clinical 
endpoints examined and their validation, there was also 
marked variation in the statistical methodologies used to 
adjust for confounding variables in these epidemiologic 
studies of parental/houseHold smoking in preschool chil- 
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dren, as was commonly the case with studies in school-age 
or older children [4, 5]. 

As has been noted previously [4, 47]> confounding 
variables may account for and/or contribute to effects 
that are associated with a presumed independent variable 
such as ETS, even in a dose-related fashion and even 
when associations between an endpoint and the con- 
founder are not demonstrable. Furthermore, residual bias 
may persist even after adjustment of a confounder due to 
misclassification [47]. In addition to their individual 
influences, several potential confounders may interact 
with' one another and this interaction may be inade¬ 
quately addressed by standard methods [47]. 

Conclusion 

While a perfectly designed epidemiologic study per¬ 
taining to the effects of parental/household smoking on 
respiratory illness and disease in preschool children may 
be difficult, if not impossible, to achieve, our analysis of 
the relevant studies in this area suggests the need for 
implementation'of certain procedures in future studies. 
There is clearly a need for more consistent and compre¬ 
hensive consideration of potential confounders. The po¬ 


tential confounders addressed should not only be those 
identified herein as having a strong influence on the respi¬ 
ratory system of preschool children but also those that 
appear to have little effect. For example, while a variable 
such as SES may have little influence on the incidence of 
respiratory symptoms and disease in children, it is also 
possible that the apparent lack of effect observed for SES 
could reflect the wide variation of criteria and lack of 
rigor used in its classification. Thus there appears to be a 
greater need to standardize as well as strengthen the crite¬ 
ria used for the identification of potential confounding 
variables in general. Furthermore, those potential con¬ 
founders that have received relatively little attention! to 
date (particularly those that intuitively appear to be 
important, such as indoor pollution, day care use, animal 
exposures, nutritional status and maternal smoking dur¬ 
ing pregnancy) should be considered in future studies. 
Further analysis should also take into consideration the 
potential influence of selected combinations of variables 
as well as their interactions. Finally, in addition to consis¬ 
tent validation of clinical endpoints (which is lacking to 
date), future studies should consider a standardization of 
experimental design, the questionnaire employed; the 
method of gathering information and statistical treatment 
of the data; 
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